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overall data quality rank was assigned by summing the criteria that were met.  Data quality was 
good (green bar) if all three criteria were met, fair (yellow bar) if two were met, or poor (red bar) 
if one was met.  In rare cases where a good condition was assigned to an attribute for which data 
quality was poor, attention is drawn to the ranking with an asterisk.  Data quality is graphically 
presented beside the condition and trend assessment of each attribute.  Table 2 provides 
examples of the data quality graphics used in this report. 

Table 1. Ecological monitoring framework of essential natural resource attributes that were assessed at 
Kings Mountain National Military Park for this report. 

Ecological Monitoring Framework—KIMO  

Level 1 Category Level 2 Category Level 3 Category 
Specific Resource / Area of 
Interest 

Air and Climate Air Quality Ozone Ozone levels and impact on 
native plants 

Water Hydrology Surface water dynamics Discharge 

 
Water Quality Water Chemistry Temp, pH, specific 

conductivity, DO, ANC 

    
Microorganisms E. Coli, fecal, and total 

coliforms 
Biological Integrity Invasive Species Invasive/Exotic Plants Presence/absence, 

invasibility 

 
Infestations and 
Disease 

Insect Pests Gypsy moths, southern pine 
beetle, ips beetle 

 

Focal Species and 
Communities 

Forest/Woodland 
Communities 

Presence of globally-ranked 
or historically significant 
communities 

  Fish Communities Diversity, habitat 
  Bird Communities Diversity, habitat 
  Mammal Communities Richness  

   
Herpetofaunal 
Communities 

Richness 

  At-risk Biota Rare Plants Georgia aster, Eastern 
Turkeybeard 

Landscape Landscape Dynamics Land Cover and Land Use 
Change 

Changes within/without 
KIMO 

 
We have provided a comprehensive assessment of park condition with the caveat that our 
analysis is limited by the type and quality of data available, and by the availability of evaluation 
methods and reference conditions.  Although we attempted to assess conditions using relevant 
and defensible metrics for each attribute, it is important to note that condition rankings are 
relative for each condition, and identical rankings for different attributes may hold separate 
meanings and implications.  When possible, we used published metrics and established reference 
thresholds to assign rankings.  In cases where no published quantitative metric or standard was 
available, we used our own judgment, often basing our decision on similar metrics available in 
the literature. 
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Specific Conductance 
Specific conductance, or conductivity, was collected at each of the stations using a dip-cell 
electrode sensor, which gives an estimate of the amount of dissolved inorganic solids that 
conduct electricity (EPA 1997).  Specific conductance is measured as the reciprocal of resistance 
and expressed in micro-Siemens/cm (µS/cm).  Although no state standard exists for this 
parameter, the EPA (1997) sampling methods manual identifies an ideal range of 150 to 500 
µS/cm for “inland fresh waters…supporting good mixed fisheries,” and furthermore indicates 
that “conductivity out of this range could indicate that the water is not suitable for certain species 
of fish or macroinvertebrates.”  Once again, specific conductance values for Kings Creek 
differed significantly from those of other streams, which probably reflects the large size of its 
drainage area.  Values at the other stations ranged from 43-61 µS/cm, while Kings Creek 
averaged 204 µS/cm over the 5-year monitoring period (Figure 9).  Meiman (2007) notes that the 
lithology within the park is largely crystalline, and thus insoluble, but that the geology of Kings 
Creek is different and more soluble which also presents the potential for increased non-point 
runoff loading.  Confidence intervals (α = 0.05) showed several differences between sites, most 
notably greater values of specific conductance at Kings Creek.  There is no SCDHEC standard 
for this parameter. 
 
pH 
Measurement of pH is an important water quality attribute because it affects almost all biological 
processes in aquatic systems.  Extreme values of pH are toxic to many aquatic species and low 
values in particular may increase the mobility and uptake of toxicants by aquatic life (EPA 
1997). Basic pH levels may also result in the precipitation of certain metals like magnesium, 
iron, or manganese (Sauer et al. 2009). Mean observations for pH over the 5-year monitoring 
period varied from 6.5 to 6.8, with the exception of Kings Creek, which averaged 7.4.  These all 
fall within the range of 6.0 to 8.5 outlined by the SCDHEC for freshwater use classification 
(SCDHEC 2008b; Figure 9).  Confidence intervals (α = 0.05) showed significantly higher values 
at Kings Creek than the other sampling sites.  Several observations at both Dellingham and 
Garner Branch did fall below the 6.0 threshold, which Meiman (2007) attributes to lithology of 
the area.  Because these sites occur within the park, this explanation seems likely.  At the 
SCDHEC site on Long Branch, pH values had a wider range, though all of the 146 observations 
save three fell within the 6.0 – 8.0 range (Figure 9).   
 
Acid Neutralizing Capacity 
Meiman (2007) reports that the higher alkalinity in Kings Creek is most likely due to 
bicarbonates, which may serve to buffer acidic loading potentially caused by acid rain.  The large 
drainage area of Kings Creek overlaps two main striations of phyllitic metasiltstone and quartz-
sericite phyllite/schist which the other sampling stations do not, and therefore may serve as a 
source of bicarbonates or other buffering agents.  This explanation is supported by the ANC 
measurements, which were collected in situ until August 2005, while laboratory measurements 
of ANC began in February 2005. These values show a higher amount of calcium carbonate 
(CaCO3) in Kings Creek compared to Dellingham Branch, Stonehouse Creek, and Upper 
Dellingham Branch, each of which had the three lowest values.  Overall, values for this 
parameter ranged from 17 to 60 mg/L CaCO3. 
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Figure 9. Box and whisker plots showing data collected from six monitoring locations on five reaches in KIMO.  Parameters depicted are the core 
water quality measurements (temperature, pH, specific conductivity, and dissolved oxygen), in addition to E. coli, flow, turbidity, and fecal coliform 
as stipulated by the CUPN.   SCDHEC or EPA standards are shown where relevant.  Points represent outliers, while red dotted lines depict 
means. 
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Figure 14.  Southern Pine Beetle Infestation Risk in KIMO. The pink line representing ‘No Data’ delineates the boundary between Cherokee and 
York counties.    [Source: Southern Pine Beetle Hazard Map. 2007. Forest Health Technology Enterprise Team.  USDA Forest Service. Ft. Collins, 
CO.] 
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xeric environment, and quartzite soil formations—a rare combination which explains its regional 
infrequency.  It is classified as a woodland due to its low canopy cover (<60%), and is dominated 
by chestnut oak (Quercus prinus) and blackjack oak (Quercus marilandica) in the overstory and 
typically panicgrass (Dichanthelium spp.), brackenfern (Pteridium aquilinium), and little 
bluestem (Schizachyrium scoparium) in the herbaceous layer, along with a wide assortment of 
wildflowers.   
 
White and Govus (2004) recorded disturbance information for vegetation types at each of the 21 
NatureServe plots (Figure 16).  These disturbances ranged from 1 to 3 specific observations for 
each plot.  The most common disturbance was evidence of historical logging on nine of the plots, 
whereas six of the plots showed evidence of pine beetle and dogwood anthracnose.  Surprisingly, 
most of the plots with southern pine beetle occurred in the northeast section of the park, whereas 
the highest areas of the risk depicted for KIMO by the FHM regional models (Figure 14) falls 
within the western section of the park.  Plot 17 in the northwest boundary of the park was the 
only plot noted for significant invasives, which most likely stems from its proximity to the 
surrounding landscape and development.   
 
Wetland Communities 
Wetlands contain a unique vegetation composition, and in turn can provide habitat for a 
distinctive set of animal species.  In 1998, the NPS issued a directive proclaiming a goal of “no 
net loss of wetlands,” as well as the adoption of the wetlands classification system described by 
Cowardin et al. (1979) as the standard for NPS wetlands inventories (Mainella 2002).  Using this 
system, wetlands are classified into 1 of 5 general categories, and then subcategorized based on 
hydrologic regime, water chemistry, or plant composition (Roberts et al. 2006).  A shorthand 
notation corresponds with each combination of descriptors.  Although National Wetlands 
Inventory (NWI) imagery from 1989 does not identify any wetlands at KIMO, field work 
conducted by Roberts et al. (2006) identified 74 wetland areas totaling 1.72 ha (Figure 18).  
Wetland presence was identified in part by surface water presence, vegetation type, and indicator 
species such as sedge (Carex spp.), royal fern (Osmunda regalis), giant cane (Arundinaria 
gigantea), and alder (Alnus serrulata; Roberts and Morgan 2006).   
 
Based on the Cowardin et al. (1979) system, Roberts et al. (2006) classified the majority (46) of 
the wetlands as palustrine under deciduous forest (PF01).  Twenty-six were classified as 
palustrine scrub-shrub (PSS).  The remaining two were classified as palustrine emergent (PEM) 
and a rubble-dominated streambed (R4SB).  Each of these four classes were further subdivided 
according to hydrologic regime as either temporarily flooded (flooded <2 weeks during the 
growing season), seasonally flooded (flooded >2 weeks during the growing season), or saturated 
(saturated substrate for most of the growing season, but rarely flooded; Roberts et al. 2006).  
Palustrine generally refers to inland areas with persistent vegetation such as trees, shrubs, 
emergent vascular plants, mosses, and lichens (Cowardin et al. 1979).  Only one wetland area 
was riverine, which refers to its location contained within a river channel where water is usually 
moving.  In all, twenty-six of the wetlands were dominated by scrub-shrub vegetation, whereas 3 
were dominated by evergreen vegetation (Roberts et al. 2006).   
 
Because the Cowardin et al. (1979) wetland classification system does not incorporate the source 
of hydrology for each wetland, their landscape position, or hydrodynamics, Roberts et al. (2006) 
further provided a hydrogeomorphic class for each wetland based on Brinson (1993).  Wetlands 
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were hydrogeomorphically classified according to Brinson (1993), which complements the plant 
community and hydrologic regime description of Cowardin et al. (1979) by also indicating the 
landscape setting and hydrological source.  Using this classification, seventy-one of the sites 
were identified as slope wetlands, implying that they would not store surface water. The 
remaining riverine classes would store surface water and also maintain higher levels of nutrient 
and carbon export (Roberts et al. 2006).  Carbon export is highest for wetland areas adjacent to a 
stream or river due to long periods of contact between litter and surface water (Mulholland and 
Kuenzler 1979), and vegetative cover also plays a large role in the amount of organic carbon 
loading (Mattson et al. 2009).  At the watershed scale, carbon export reflects net primary 
productivity (NPP), and changes in production at this level may reflect other variations within 
the watershed such as hydrologic regime and even effects of climate change.   
 
Roberts et al. (2006) also classified each wetland area according to its ability to provide cultural, 
research, and economic values based on accessibility, past history, aesthetics, presence of unique 
species, and flood mitigation potential.  Consequently, only the single 0.1 ha riverine wetland 
was identified as having economic value due to its flood mitigation ability.  Fifteen wetlands 
were identified as important scientifically, due mainly to their size and presence of breeding 
amphibians.  Eleven sites were identified as culturally significant, either due to past human use 
or their location adjacent to trails that would facilitate educational access.  Finally, Roberts et al. 
(2006) identified exotic species present at each site, the most common of which included 
multiflora rose (Rosa multiflora), Japanese stiltgrass, and Japanese honeysuckle.   
 
Summary 
There is currently no recommended protocol or ranking system in place for vegetation 
communities, and as a result, we did not assign a ranking to this vital sign for forest and wetland 
areas, which together form the main vegetation communities at KIMO (Table 16).  Despite this, 
data collected by NatureServe and vegetation classifications performed by the CRMS provide a 
thorough baseline knowledge of vegetation resources at KIMO.  As of this writing, the CUPN 
continues to work with NatureServe to develop a vegetation monitoring protocol for the network.  
This protocol will likely provide methods to evaluate condition objectives for vegetation 
communities within the park unit (T. Leibfreid, personal communication, Nov., 2010).   
 
Table 16. The condition status for vegetation communities at KIMO was unranked.  The data quality used 
to make this assessment was good.  No trend was assigned to this condition. 
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Figure 16. Threats or disturbances identified within each of the vegetation survey plots in KIMO during 2001-2002 NatureServe sampling (White 
and Govus 2004).  Colored bars represent disturbances identified at each plot corresponding to bars in the legend.   
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Figure 17. Four vegetation communities classified by Jordan and Madden (2008) at KIMO have significant global ranking status (NatureServe 
2009). 



 

   

54 

 
Figure 18. Roberts et al. (2006) identified 74 wetlands in KIMO during field work conducted in spring and summer 2003.
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Fish Communities  
The southeastern United States supports the richest fish diversity in North America, north of 
Mexico, and native fishes are of great conservation concern in the region (Warren et al. 2000).  
Kings Mountain NMP contains over 20 streams, totaling around 29 km in length, the majority of 
which are first order headwaters.  Park streams drain two catchments of the Upper Broad River 
basin, which is included in the Santee River drainage.  Long Branch and its tributaries drain the 
eastern portion of the park, and Kings Creek and its tributaries drain the northern and western 
portions (Figure 19).  All park streams except Kings Creek originate within or near park 
boundaries.  Portions of flows downstream of KIMO to the south and east are further protected 
by Kings Mountain State Park.   
 

 
Figure 19. Streams in and around Kings Mountain National Military Park showing fish sampling locations 
from a 2001-2003 survey and a 2006 survey.  Orange points identify samples used to calculate IBI 
scores.  Inset shows the broader area including the watershed areas upstream of Kings Creek and Long 
Branch sampling locations (Rogers 2003; Scott 2006). 
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Two surveys of KIMO fishes have been conducted.  Rogers (2003) conducted a two-year survey 
of KIMO fishes.  From March, 2001 to February, 2003, he sampled on 12 days at 11 stream sites 
from which he identified around 25 unique sampling locations consisting of individual pools, 
runs, or short reaches.  Rogers (2003) used backpack electrofishing equipment and reported 930 
individuals of 19 species from five families (Table 17).  He observed higher species richness in 
the Kings Creek drainage than in the Long Branch drainage, and the most commonly reported 
species were members of the Cyprinidae family (Rogers 2003).  Scott (2006) used single-pass 
upstream backpack electrofishing to inventory KIMO fishes in the summer of 2006.  On three 
days in late May and early June, he sampled eight park streams over reaches ranging from 20 to 
168 meters (Scott 2006).  Scott (2006) reported 1329 individuals of 19 species from five families 
(Table 17).  The most commonly sampled species were members of the Cyprinidae family (Scott 
2006).  The single smallmouth bass (Micropterus dolomieu) found in Kings Creek was not 
endemic to the drainage (Warren et al. 2000; Scott 2006).  No federal or state threatened or 
endangered fishes have been reported from the park, although the Carolina darter (Etheostoma 
collis) and the fantail darter (Etheostoma flabellare) are listed as species of state concern 
(SCDNR 2010).  Seven species reported from KIMO, V-lip redhorse (Moxostoma pappillosum), 
greenfin shiner (Cyprinella chloristia), greenhead shiner (Notropis chlorocephalus), highback 
chub (Hybopsis hypsinotus), flat bullhead (Ameiurus platycephalus), Carolina darter, and fantail 
darter, were included in the state’s Comprehensive Wildlife Conservation Strategy (CWCS) as 
species of priority conservation concern (SCDNR 2005).   
 
The combined efforts of these inventories reported 27 fish species in KIMO (Rogers 2003; Scott 
2006; Table 17).  Several differences between the results of these inventories were noteworthy.  
Of six species of Catostomidae (suckers) reported, none were common to both efforts. The 
brassy jumprock (Scartomyzon sp), an undescribed species reported by Rogers (2003), was 
possibly the same species as the striped jumprock (Scartomyzon rupiscartes) reported by Scott 
(2006).  Furthermore, suckers were relatively uncommon in both samples and random factors 
might account for differences in observed assemblages.  More important differences were 
reported between Cyprinidae assemblages.  Rogers (2003) reported greenhead shiners (Notropis 
chlorocephalus) and dusky shiners (Notropis cummingsae) and did not report yellowfin shiners 
(Notropis lutipinnis).  Scott (2006) did not report greenhead or dusky shiners, but reported 
yellowfin shiners as the fourth most abundant species in his sample (7%).  Furthermore, Scott 
(2006) reported a greater relative abundance of creek chubs (Semotilus atromaculatus) and a 
lower relative abundance of sandbar shiners (Notropis scepticus) compared to Rogers (2003).   
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Table 17. Fish families, species, and individuals reported from the streams of Kings Mountain NMP by 
Rogers (2003) and Scott (2006). 

Scientific Name Common Name 
N 

(Rogers) 
N 

(Scott) 
Catostomidae   

Catostomus commersonii White sucker  5 
Hypentelium nigricans Northern hog sucker  17 
Moxostoma macrolepidotum Shorthead redhorse 3  
Moxostoma pappillosum V-lip redhorse 1  
Scartomyzon rupiscartes Striped jumprock  9 
Scartomyzon sp. Brassy jumprock 11  

Centrarchidae   
Lepomis auritus Redbreast sunfish 20 64 
Lepomis cyanellus Green sunfish 1  
Lepomis macrochirus Bluegill  2 
Lepomis microlophus Redear sunfish 1  
Micropterus dolomieu Smallmouth bass  1 

Cyprinidae   
Clinostomus funduloides Rosyside dace 311 359 
Cyprinella chloristia Greenfin shiner 19 4 
Hybopsis hypsinotus Highback chub 5 79 
Nocomis leptocephalus Bluehead chub 109 296 
Notropis chlorocephalus Greenhead shiner 20  
Notropis cummingsae Dusky shiner 48  
Notropis hudsonius Spottail shiner 1  
Notropis lutipinnis Yellowfin shiner  158 
Notropis scepticus Sandbar shiner 236 21 
Semotilus atromaculatus Creek chub 31 257 

Ictaluridae   
Ameiurus platycephalus Flat bullhead  1 
Noturus insignis Margined madtom 5 11 

Percidae   
E. flabellare complex Fantail darter 27 11 
Etheostoma collis Carolina darter  1 
Etheostoma olmstedi Tessellated darter 54 26 
Etheostoma thalassinum Seagreen darter 27 7 

 
These reported differences could result from actual changes in fish assemblages, differences in 
sampling, misidentification of species, random sampling error, or a combination of these factors.  
Both inventories were conducted during periods of relative drought.  We used data available 
from the National Climate Data Center (South Carolina, Division 3; NCDC 2010) to examine the 
monthly drought severity over a period including both inventories.  We used the monthly 
Standardized Precipitation Index (SPI) for a 12-month period (McKee et al. 1993; Figure 20).  
This index is based upon accumulated precipitation and ranges from -3 to +3 with negative 
values denoting dry periods and positive numbers denoting wet periods (McKee et al. 1993).  
Most of Rogers’ (2003) sampling was conducted during an unusually severe drought, including 
months with the lowest 12-month SPI observed since 1955.  Scott’s (2006) sampling was 
conducted over a shorter time frame during a period of moderate drought.  Drought conditions 
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and flow regimes can affect stream fish assemblages (Grossman et al. 1998; Keaton et al. 2005; 
Grossman et al. 2010), and could account for some of the differences between the studies.  
Grossman et al. (2010) observed higher Shannon’s Diversity (H') values for fish assemblages 
sampled during drought relative to assemblages sampled during non-drought flows.  The H' 
calculated from the entire combined samples collected by Rogers (2003) was 2.0, and the H' 
calculated from Scott’s (2006) samples was 1.4, suggesting that severe drought in the region in 
2001-2002 may have caused assemblage level changes in KIMO fish.  Rogers (2003) collected 
fish over a longer time period and sampled a greater number of locations than Scott (2006) did, 
raising the possibility that differences in sampling could contribute to the different assemblages 
reported by the inventories.  Rogers (2003) did not report reach distances sampled so effort is not 
directly comparable between studies.  However, because species richness was identical for both 
studies, and because Scott (2006) reported more individuals from his sampling, there is no 
support for the theory that total sampling effort differed between studies.  The greenhead shiner 
and the yellowfin shiner are closely related and morphologically similar species (Wood and 
Mayden 1992).  Yellowfin shiners in the Broad-Santee basin have exhibited subtle 
morphological differences from other populations, making them potentially even more difficult 
to distinguish from greenhead shiners (Wood and Mayden 1992).  Therefore, we believe it is 
quite possible that the greenhead and yellowfin shiners reported from these efforts were the same 
species. 
 

 
Figure 20. Monthly Standardized Precipitation Index values calculated from accumulated precipitation 
over preceding 12-month periods.  Values are for a 10-year period for the climate district containing Kings 
Mountain NMP.  Red bars indicate months during which Rogers (2003) collected fish samples in the park, 
green bars indicate months during which Scott (2006) sampled fish in the park. 
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Fish are good indicators of freshwater habitat quality.  They are nearly ubiquitous in freshwater 
streams, occur in diverse communities including multiple trophic levels, are relatively easy to 
sample and identify, and are widely studied (Karr 1981).  To assess the condition of fish 
assemblages and habitat at KIMO, we used an index of biotic integrity (IBI) to evaluate the Scott 
(2006) samples for Kings Creek and Long Branch.  The IBI approach to evaluating aquatic 
resources assesses fish communities based upon relative density and diversity of sampled 
populations, as well as the life history attributes and the ecological roles of community species.  
Generally, sites in good condition contain a wide diversity of trophic specialists, and relatively 
high proportions of specialized and sensitive species.  The North Carolina IBI (NCIBI) was 
developed, tested, and widely used as an assessment tool across the mountain and piedmont 
ecoregions of North Carolina (NCDENR 2006).  The index was developed for applicability 
across a broad region including the Upper Broad drainage basin, and all fish species reported at 
KIMO were included in the NCIBI species list.  Therefore, we believed it to be robust for use in 
KIMO.  The NCIBI was developed using samples taken over 600-foot reaches.  The Kings Creek 
sample was taken over a 551-foot (168 m) reach, and the Long Branch sample was taken over a 
367-foot (112 m) reach (Scott 2006).  The NCIBI was designed to assess watersheds of 2.8 
square miles and larger (NCDENR 2006).  The Long Branch sample watershed was 1.8 mi2.  
Because the park sample did not include data about fish condition or size, two metrics could not 
be calculated and raw scores were adjusted for a 10-metric index as suggested by the authors 
(NCDENR 2006).  Due to these caveats, some caution is warranted when interpreting this index 
for KIMO habitats.  
 
Kings Creek and Long Branch samples both scored high within the “good” category (Table 18).  
Scott (2006), commenting upon KIMO fish assemblages, suggested that park aquatic resources 
were “among the highest quality in the state.”  Although the differences between the two 
sampling efforts may be important, the assemblage reported by the most recent inventory, 
considered alone, indicated that the park contained high-quality fish habitat and robust 
populations of native fishes.  We ranked the quality of the KIMO fish communities as good 
(Table 19).  The quality of the data was good.  We did not assign a trend to fish community 
quality.   
 
Kings Mountain NMP contains significant aquatic resources as evidenced by sampled fish 
populations.  The differences between the reported assemblages from the two fish inventories at 
KIMO may be worth exploring in future sampling efforts at the park.  We recommend that future 
efforts conform to the sample design used by Scott (2006).  If managers desire to use the NCIBI 
for future assessment at KIMO, then sampling reaches of 600 feet should be considered.  
However, if reaches of this size are sampled, a sub-sample from reaches equal to those used by 
Scott (2006) should be sampled to provide the most accurate comparison with the baseline 
inventory.  If time and funding are sufficient in future inventories, then collection of fish length, 
weight, and data on obvious deformities could provide insight on individual fish condition.   
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Table 18. Metrics and scores from applying the North Carolina fish IBI to fish community samples from 
Kings Creek and Long Branch during a 2006 fish survey (NCDENR 2006; Scott 2006).  
X=Log10*watershed area in miles2.  IBI interpretation values were: ≤ 34 = Poor; ≥ 36 and ≤ 40 = Fair; ≥ 
42 and ≤ 46 = Good/Fair; ≥ 48 and ≤ 52 = Good; ≥ 54 = Excellent. 

Metric Scoring Criteria Kings Creek Long Branch 
  1 3 5 Value Rank Value Rank 
1: # species <4.8*X+0.08 ≥4.8*X+0.08 ≥9.5*X+1.6 16 5 10 5 
2: # of fish <100 100-149 ≥150 227 5 459 5 
3: # darter spp. <0.8*X ≥0.8*X ≥1.6*X 3 5 2 5 
4: # sunfish/bass spp. 0 or 1 2 ≥ 3 3 5 1 1 
5: # sucker spp. 0 1 ≥ 2 2 5 1 3 
6: # intolerant spp 0  ≥ 1 3 5 1 5 
7: % tolerant  >35% 26-35% ≤25% 19% 5 14% 5 
8: % omnivores <10%, >50% 36-50% 10-35% 38% 3 28% 5 
9: % insectivores <45%, >90% 45-59% 60-90% 60% 5 72% 5 
10: % piscivores <0.24% 0.25-1.0% ≥1.0 0 1 0 1 
   Raw score 44  40 
      Adjusted NCIBI 52   48 

 
Table 19. The condition of fish communities at KIMO was ranked as good.  The quality of data used to 
make this assessment was good.  No trend was assigned to fish community condition. 

 
 
 
Bird Communities 
Birds specialize in a variety of terrestrial habitats and are relatively easy to monitor, making 
them valuable indicators of ecosystem quality and function (Maurer 1993).  From March, 2003 
to April, 2005, 118 bird species were reported from KIMO (Rogers 2005; Appendix D).  In 57 
visits to the park covering all seasons, Rogers (2005) used 5-minute point counts taken at 500-
meter intervals along established roads and trails.  No samples were collected in June, a month in 
which breeding birds are commonly sampled (Sauer et al. 2008).  Rogers (2005) designated 79 
of the observed species as permanent or summer residents.  Rogers (2005) determined the 
relative encounter rate of each species based upon the number of individuals sampled per hour 
during times when the species could conceivably be present in the park.  Table 20 shows the 10 
most common species, based upon this relative encounter rate. 
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Table 20. Ten most commonly encountered bird species reported by Rogers (2005) in a KIMO bird 
survey.  Park status is as designated by Rogers (2005).  Relative encounter rate is the number of 
individuals reported per hour for times when the bird could conceivably occur in the park.  

Common Name Scientific Name Park Status 

Relative 
Encounter 

Rate 
Red-eyed Vireo Vireo olivaceus Summer Resident 2.62 
Tufted Titmouse Baeolophus bicolor Permanent Resident 2.57 
Carolina Chickadee Parus carolinensis Permanent Resident 2.19 
Carolina Wren Thryothorus ludovicianus Permanent Resident 1.57 
American Robin Turdus migratorius Permanent Resident 1.34 
Red-bellied Woodpecker Melanerpes carolinus Permanent Resident 1.19 
American Crow Corvus brachyrhynchos Permanent Resident 1.08 
Blue Jay Cyanocitta cristata Permanent Resident 1.03 
Golden-crowned Kinglet Regulus satrapa Winter Resident 0.96 
American Goldfinch Carduelis tristis Permanent Resident 0.93 

 
An Avian Conservation Implementation Plan (ACIP) prepared for KIMO suggested managing 
for several umbrella species that are recognized by Partners in Flight (PIF) as important indicator 
species for the southern Piedmont physiographic region (Watson 2004).  These recommended 
species were: Wood Thrush (Hylocichla mustelina) and Summer Tanager (Piranga rubra) for 
forest interior species, Northern Bobwhite (Colinus virginianus) and Prairie Warbler (Dendroica 
discolor) for early successional species, and Swainson’s Warbler (Limnothlypis swainsonii), 
Louisiana Waterthrush (Seiurus motacilla), and Acadian Flycatcher (Empidonax virescens) for 
riparian species.  Five of these seven species were reported in the baseline bird survey (Rogers 
2005).  Summer Tanagers were reported 53 times.  This species prefers open hardwood or pine-
oak stands, often near gaps or habitat edges (Robinson 1996).  It is not known to be declining in 
its eastern range (Robinson 1996).  Wood Thrushes were reported 32 times.  This interior forest 
species has been well-studied and has declined in abundance over much of its range since the 
1970s (Roth et al. 1996).  Although it also nests near edges and in small forest patches, it shows 
a marked preference for the interior of mature, mixed hardwood forests (Roth et al. 1996).  The 
Wood Thrush is vulnerable to nest predation and nest parasitism, and experiences lower nest 
success in smaller fragments (Roth et al. 1996).  Prairie Warblers were reported three times.  
This bird nests in a variety of early successional habitat and has been reported as declining in 
upland habitats while remaining stable in lowland habitats in the southeastern U.S. (Nolan et al. 
1999).  Acadian Flycatchers were reported nine times.  This species requires mature forest 
containing streams or swampy woodlands (Whitehead and Taylor 2002).  Although it is believed 
to be relatively stable throughout its range, it has been accorded high management priority 
because it is sensitive to habitat fragmentation and cowbird parasitism (Whitehad and Taylor 
2002).  A single Louisiana Waterthrush was reported in the survey.  The Louisiana Waterthrush 
nests in hardwood-canopied riparian zones and prefers low order, high gradient flows with robust 
macroinvertebrate communities (Mattsson et al. 2009).  Rogers (2005) did not report Northern 
Bobwhites from direct observation, but reported second-hand observations from park staff. 
 
Bird assemblage data can be used to assess ecological integrity and level of anthropogenic 
habitat disturbance (Bradford et al. 1998; Canterberry et al. 2000; O’Connell et al. 2000).  
O’Connell et al. (2003) developed a bird community index (BCI) for forest birds during breeding 
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season in the region containing Kings Mountain NMP.  This index was developed by analyzing 
characteristics of bird species sampled across a range of independently-assessed habitats.  Higher 
scores result when disturbance-sensitive species and species with forest-specialist life history 
traits are more commonly present relative to nest disrupting species, urban-tolerant species, and 
exotic species.  Using this tool was attractive because it produces a result that can be directly 
interpreted in terms of quality (defined in terms of anthropogenic disturbance), and also because 
it uses simple presence data and does not require knowledge of abundance or population 
parameters.  The BCI was developed using a specific standardized sampling protocol, but has 
been used to compare the relative quality of bird habitat among locations where samples were 
collected using different protocols (O’Connell et al. 2007).  However, even assuming 
considerable robustness of the tool to some variation in sampling methods, the KIMO bird data 
were inappropriate for a rigorous application.  Therefore we applied the index in a broad and 
non-spatially explicit manner and present the results only for purposes of discussion. 
 
The BCI was developed using species lists compiled from sets of five 10-minute, unlimited 
radius point counts spaced along 1-km, randomly-located transects (O’Connell et al. 2003).  
Kings Mountain point count data were collected using 5-minute, unlimited radius point counts 
taken at 500-meter intervals along established roads and trails.  Available KIMO data were not 
sufficiently explicit to allow a subsample of observations to be attributed to any specific time, 
location, or amount of effort.  Therefore, we calculated a BCI score from the sub-list of birds 
designated as summer or permanent residents by Rogers (2005) that were also reported during 
late spring or summer months in the 2003-2005 KIMO bird survey.  The resulting BCI score was 
0.75, corresponding to an interpretation of “naturalistic” and representing habitat with relatively 
low levels of anthropogenic disturbance (O’Connell et al. 2003).  Because our bird list 
represented an unknown but greater amount of effort than was used in the development of the 
BCI, we examined the sensitivity of the index using randomly reduced versions of our list. 
Specifically, we randomly removed species from the list until a desired reduction was achieved.  
We repeated this process five times with a list reduced by 10% and five times with a list reduced 
by 20%.  The mean score for the 10%-reduced list was 0.76 (SD±0.023) and the mean score for 
the 20%-reduced list was 0.74 (SD±0.036).   
 
Kings Mountain NMP demonstrably contains a relatively rich assemblage of native breeding 
forest birds, including species specializing in mature, interior forest habitats.  A bird condition 
index calculated from the entire list of breeding birds indicated undisturbed habitat.  The baseline 
bird survey conducted at KIMO provided useful information about the species richness in the 
park.  Sampling was conducted on roads and trails, and not based on a systematic, random, or 
habitat-based stratified random sampling design.  Therefore, the adequacy of coverage of the 
park is difficult to assess.  Although sampling was conducted during all seasons, no samples 
were collected June in either year of the survey, although June is the peak breeding season for 
many species.  The data were not summarized in a digital format such that the results of 
individual point counts could be attributed to their specific time and location.   
 
Although the available observations are consistent with those expected from a survey of a good 
quality bird community, we did not assign a condition to KIMO bird communities (Table 21).  
Although the data represented a significant amount of effort and made an excellent start at 
documenting the species richness of the park, we believe the data were insufficient to make a 
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defensible assessment.  The data did not receive a thematic check because of the non-
standardized methods used to collect the data.  The quality of the data was fair and no trend was 
assigned to bird community condition (Table 21).    
 
Table 21. No condition was assigned to the quality of KIMO bird communities.  The quality of the data 
was fair.  No trend was assigned to this condition ranking 

 
  
If future monitoring occurs in the park, we recommend the use of a more standardized approach.  
If point counts are used, we recommend that counts are collected using an appropriate 
systematic, random, or stratified random sampling design that covers all park habitats.  We 
recommend using 10-minute point counts and differentiating birds sampled during 0-3, 3-5, and 
5-10 minute intervals.  We recommend that this data is recorded and stored in an explicit digital 
format such that results from specific time segments of individual point counts are easily 
distinguishable. 
 
Mammal Communities 
Mammals are important components of grassland and forest ecosystems where they affect plant 
communities, engineer landscapes, and play roles at multiple trophic levels (Ryszkowski 1975; 
Marti et al. 1993; Rooney and Waller 2003).  Because of great variation in size, behavior, and 
life history, they are inherently difficult to sample.  A survey of terrestrial mammals was 
conducted at KIMO from March 2004 to April 2005 (Fields 2005).  A 2005-2007 baseline bat 
survey at several piedmont National Park units included KIMO (Loeb 2007).  These inventories 
reported 20 mammal species in the park, including one ungulate, four carnivores, four bats, one 
marsupial, three insectivores, one lagomorph, and six rodents, representing 53% of the 38 
expected mammal species (Table 22). 
 
Fields (2005; 2007b) used Sherman live traps, pitfall traps, bottle surveys, scent station surveys, 
and trail cameras at set plots in the park, for a combined total of 2,542 trap nights.  Fields (2005) 
also reported on data from previous unpublished efforts by Sewell in 1998-1999.  Because of the 
age and uncertainty of these data, mammals observed only from the Sewell effort were not 
included here.  Fields (2005) further reported mammal sightings by NPS staff and consultants 
during his study period.  These species were included in this report.  A single muskrat (Ondatra 
zibethica) was reported from sign but was not included here because of reported uncertainty in 
the identification (Fields 2005).  Using several studies and publications by the author of the 
KIMO mammal inventory, we prepared a list of 32 terrestrial mammals expected to occur in the 
park (Fields 2005; Fields 2007a; Fields 2007b; Table 22).  Fields’ (2005) efforts reported 16 
(50%) of these expected species.  The expected list included two range expanding species, the 
coyote (Canis latrans), and woodchuck (Marmota monax), and three exotic species, the house 
mouse (Mus musculus), Norway rat (Rattus norvegicus), and black rat (Rattus rattus).  None of 
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these species were observed at KIMO during the inventory.  Therefore 59% of expected native 
species were reported.  No state or federally threatened or endangered species were found in 
these samples.  The most commonly encountered mammal was the white-footed mouse 
(Peromyscus leucopus; Fields 2005).  Four other unique terrestrial mammal species were 
reported by Sewell (unpublished) and are not included in Table 22.  These were: mink (Mustela 
vison), eastern harvest mouse (Reithrodontomys humulis), hispid cotton rat (Sigmodon hispidus), 
and red fox (Vulpes vulpes). 
 
Loeb (2007) sampled during winter, spring, and summer months and reported four species of 
bats (Table 22).  Loeb (2007) used the literature and expert knowledge to prepare an expected 
species list of six bats expected to occur in the park.  Of these, the silver-haired bat 
(Lasionycteris noctivagans) and the hoary bat (Lasiurus cenereus) were only expected as winter 
migrants.  Bat sampling effort included mist netting at four sites over six nights during the 
summer, and electronic sampling with AnabatII bat detectors on four summer nights and two 
winter nights (Loeb 2007).  The study reported three of the four (75%) expected residents and 
one of the two (50%) expected winter migrants.  The adult female red bat captured by mist 
netting was lactating (Loeb 2007).  Bats were detected at nine of the 21 sites where acoustic 
sampling was used (Loeb 2007).  No state or federally listed threatened or endangered species 
were found in these samples, although the hoary bat (Lasiurus cinereus) is considered by the 
state as a migratory species with poor documentation in the state (SCDNR 2010). 
 
Around 61% of the expected native mammals were reported from KIMO by these combined 
studies, with 59% of the native terrestrial mammals and 67% of expected bats.  Of the missing 
carnivores, the mink and long-tailed weasel are cryptic, patchily distributed, and difficult to trap 
(Fields 2007a; Linehan et al. 2008).  Of the missing bats, the silver-haired bat was only expected 
as a winter migrant (Loeb 2007).  Fields (2007b) stated that both diversity and abundance of 
mammals seemed low at KIMO during the 2004-2005 terrestrial mammal survey.   Combined 
trap success for all trapping methods was 1.77% (Fields 2007b).  Small mammal capture rates 
from the southeastern U.S. vary considerably by region, by habitat, by disturbance regime, and 
by trap method (Bellows et al. 2001; Kilpatrick et al. 2004; Osbourne et al. 2005; Kaminski et al. 
2007).  From the 2005-2007 bat survey data, Loeb (2007) stated that the bat captures and bat 
activity were relatively low at KIMO and that the sampled population was male-biased.  She 
suggested that the heavily forested habitat found at most sample sites might have precluded high 
bat activity or lowered bat detectability, and suggested that the continuing burn program in the 
park could positively affect bat populations (Loeb 2007).  Exotic, range expanding, and domestic 
species were not reported in the park (Fields 2005; Loeb 2007). 
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Table 22. Mammal species expected to occur in Kings Mountain NMP and species actually reported from 
a terrestrial mammal survey (2004-2005) and a bat survey (2005-2007).  Fields=reported by Fields 
(2005); L=reported by Loeb (2007).     

Scientific Name Common name Reporter 
Order Artiodactyla 

 Odocoileus virginianus White-tailed deer F 
Order Carnivora 

 Canis latrans Coyote 
 Lontra canadensis River otter 
 Lynx rufus Bobcat F 

Mephitis mephitis Striped skunk F 
Mustela frenata Long-tailed weasel 

 Mustela vison Mink 
 Procyon lotor Raccoon F 

Urocyon cinereoargenteus Gray fox F 
Vulpes vulpes Red fox 

 Order Chiroptera 
 Eptesicus fuscus Big brown bat L 

Lasionycteris noctivagans Silver-haired bat 
 Lasiurus borealis Red bat L 

Lasiurus cinereus Hoary bat L 
Nycticeius humeralis Evening bat 

 Pipistrellus subflavus Eastern pipistrelle L 
Order Didelphimorphia 

 Didelphis virginiana Possum F 
Order insectivora 

 Blarina carolinensis Southern short-tailed shrew F 
Cryptotis parva Least shrew F 
Scalopus aquaticus Eastern mole F 
Sorex longirostris Southeastern shrew 

 Order Lagomorpha 
 Sylvilagus floridanus Eastern cottontail F 

Order Rodentia 
 Castor canadensis Beaver F 

Glaucomys volans Southern flying squirrel F 
Marmota monax Woodchuck 

 Microtus pennsylvanicus Meadow vole 
 Microtus pinetorum Pine vole 
 Mus musculus House mouse 
 Ochrotomys nuttalli Golden mouse F 

Ondatra zibethicus Muskrat 
 Oryzomys palustris Marsh rice rat 
 Peromyscus leucopus White-footed mouse F 

Rattus norvegicus Norway rat 
 Rattus Rattus Black rat 
 Reithrodontomys humulis Eastern harvest mouse 
 Sciurus carolinensis Gray squirrel F 

Sigmodon hispidus Hispid cotton rat 
 Tamias striatus Eastern chipmunk F 
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The effort directed toward terrestrial mammal surveys at KIMO had been relatively low at the 
time of our analysis, with 2,542 trap nights from combined methods.  Drift-fence pitfall arrays 
had not been used in the park.  Studies sampling non-volant mammal assemblages in the 
southeast often conducted over 9,000 trap nights, using multiple trapping methods including drift 
fences with pitfalls (Mengak and Guynn 1987; Bellows et al. 2001; Kilpatrick et al. 2004; 
Osbourne et al. 2005; Linehan et al. 2008).  Small mammal trapping efficiency varies among trap 
type and among species (Briese and Smith 1974; Bury and Corn 1987; Mengak and Guynn 
1987); therefore significant effort with multiple trapping methods is desirable when sampling 
mammal assemblages.  Pitfall traps with drift fence arrays can be particularly effective at 
sampling shrews and some rodents (Briese and Smith 1974; Bury and Corn 1987).  Traditional 
lethal snap mouse traps are effective at sampling small rodents (Mengak and Guynn 1987; 
Linehan et al. 2008), but may be undesirable in some settings.  Successful trapping programs 
have specifically targeted edge and riparian habitats as well as open field and upland habitats 
(Osbourne et al. 2005; Linehan et al. 2008). 
 
Around 61% of the expected native mammals were reported from KIMO by these combined 
studies, with 59% of the native terrestrial mammals and 67% of expected bats.  Of the missing 
carnivores, the mink and long-tailed weasel are cryptic, patchily distributed, and difficult to trap 
(Fields 2007a; Linehan et al. 2008).  Of the missing bats, the silver-haired bat was only expected 
as a winter migrant (Loeb 2007).  Fields (2007b) stated that both diversity and abundance of 
mammals seemed low at KIMO during the 2004-2005 terrestrial mammal survey.   Combined 
trap success for all trapping methods was 1.77% (Fields 2007b).  Small mammal capture rates 
from the southeastern U.S. vary considerably by region, by habitat, by disturbance regime, and 
by trap method (Bellows et al. 2001; Kilpatrick et al. 2004; Osbourne et al. 2005; Kaminski et al. 
2007).  From the 2005-2007 bat survey data, Loeb (2007) stated that the bat captures and bat 
activity were relatively low at KIMO and that the sampled population was male-biased.  She 
suggested that the heavily forested habitat found at most sample sites might have precluded high 
bat activity or lowered bat detectability, and suggested that the continuing burn program in the 
park could positively affect bat populations (Loeb 2007).  Exotic, range expanding, and domestic 
species were not reported in the park (Fields 2005; Loeb 2007). 
 
The effort directed toward terrestrial mammal surveys at KIMO had been relatively low at the 
time of our analysis, with 2,542 trap nights from combined methods.  Drift-fence pitfall arrays 
had not been used in the park.  Studies sampling non-volant mammal assemblages in the 
southeast often conducted over 9,000 trap nights, using multiple trapping methods including drift 
fences with pitfalls (Mengak and Guynn 1987; Bellows et al. 2001; Kilpatrick et al. 2004; 
Osbourne et al. 2005; Linehan et al. 2008).  Small mammal trapping efficiency varies among trap 
type and among species (Briese and Smith 1974; Bury and Corn 1987; Mengak and Guynn 
1987); therefore significant effort with multiple trapping methods is desirable when sampling 
mammal assemblages.  Pitfall traps with drift fence arrays can be particularly effective at 
sampling shrews and some rodents (Briese and Smith 1974; Bury and Corn 1987).  Traditional 
lethal snap mouse traps are effective at sampling small rodents (Mengak and Guynn 1987; 
Linehan et al. 2008), but may be undesirable in some settings.  Successful trapping programs 
have specifically targeted edge and riparian habitats as well as open field and upland habitats 
(Osbourne et al. 2005; Linehan et al. 2008). 
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Recent mammal inventories at Kings Mountain NMP have produced a baseline for 
understanding mammal diversity in the park.  The low observation rate of terrestrial mammals 
and bats at KIMO, as evidenced by low capture rates, has been remarked upon by researchers 
performing studies of non-volant mammals (Fields 2005, 2007b), and bats (Loeb 2007).  Low 
catch rates and low observed richness may be partly attributable to the mature forested habitat 
that dominates KIMO and which may affect both detectability and richness of mammal 
assemblages.  If further sampling is conducted at KIMO, and particularly if efforts have the goal 
of documenting most of the non-volant mammals present, we recommend the use of significant 
trapping effort with multiple trapping methods.  Comprehensive sampling should include at least 
small and large live traps, baited camera stations, and drift fence pitfall arrays.  Drift fence pitfall 
arrays are labor intensive to install and are easily visible if placed in areas with high human 
visitation.  However, once in place they can be used over long time periods with minimal 
maintenance and can be periodically deactivated during non-sampling periods.  Furthermore, this 
sampling method is also effective for sampling herpetofauna and can thus accomplish multiple 
goals (Bury and Corn 1987; Greenberg et al. 1994; Metts et al. 2001).   We recommend that 
future mammal sampling at KIMO specifically target edge and riparian habitats in addition to 
forested and open habitats. 
 
We did not assign a condition rank to the mammal community at Kings Mountain NMP (Table 
23).  The quality of the data was fair, and did not receive a check for the thematic component.  
Although mammal sampling efforts have been of good quality, we believe that more effort with 
additional sampling methods would more completely document a representative sample of 
KIMO mammals. 
 
Table 23.  No condition was assigned to the KIMO mammal community.  The quality of mammal data was 
fair.  No trend was assigned to mammal community condition. 

 
 
 
Herpetofaunal Community 
Amphibians and reptiles are important components of southeastern US ecosystems.  The 
southeastern US contains the highest diversity of herpetofauna in North America (Gibbons and 
Buhlmann 2001).  Global declines in amphibians (Stuart et al. 2004) and reptiles (Gibbons et al. 
2000) have been noted for decades, and reptiles and amphibians have become the focus of 
increasing management concern and effort.  Known threats to herpetofauna include habitat loss 
and fragmentation, habitat degradation, pollution, disease, and invasive species (Gibbons et al. 
2000; Semlitsch 2000).  Wetland habitats are of particular importance as reproductive and 
nursery habitat for both amphibians and reptiles (Semlitsch 2000; Gibbons et al. 2000).  Kings 
Mountain NMP has a number of small isolated wetlands (Figure 18) and a number of headwater 
streams that potentially provide quality habitat for amphibians and reptiles. 
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There have been two herpetofauna surveys at Kings Mountain NMP.  Thomas (2002) used 
coverboard arrays, dip-netting, glue boards, and unconstrained searches to sample reptiles and 
amphibians.  This effort reported 160 individuals of 35 species: 15 amphibians and 20 reptiles.  
Reed and Gibbons (2005) used unconstrained searches and road cruising, with minimal use of 
coverboards for consistency with previous work.  This effort reported 37 species: 14 amphibians 
and 23 reptiles.  These surveys, combined, reported 42 species in KIMO (Table 24).  Five 
species were unique to the Thomas (2002) survey, and seven were unique to the Reed and 
Gibbons (2005) survey.  No state or federal threatened or endangered species have been reported 
from KIMO.  The northern cricket frog (Acris crepitans), the canebrake rattlesnake (Crotalus 
horridus), and the common snapping turtle (Chelydra serpentine) were included as species of 
conservation priority in South Carolina’s Comprehensive Wildlife Conservation Strategy 
(SCDNR 2005).  Although Reed and Gibbons (2005) stated that their sampling methods were 
not suited to producing numerical estimates of relative abundance for individual species, they 
provided an ordinal rank, based upon their knowledge and experience, indicating which species 
were relatively most commonly encountered in KIMO.  The four species they reported as “very 
common” were the five-lined skink (Eumeces fasciatus), the bullfrog (Rana catesbeiana), the 
northern dusky salamander (Desmognathus fuscus), and members of the slimy salamander 
complex (Plethodon glutinosus complex). 
 
The herpetofaunal species richness reported from the combined KIMO inventory results included 
around 75% of the species expected by Reed and Gibbons (2005; Table 25).  Reed and Gibbons 
(2005) used museum specimen searches, published range maps, and expert knowledge to 
compile a list of 56 species likely to occur in KIMO (Table 24).  The richness reported from 
KIMO was within the broad range observed from other studies in protected forests in the South 
Carolina piedmont.  Floyd et al. (2002) used drift fences and pitfalls to sample 29 species from 
the Clemson Experimental Forest in north-western South Carolina.  Metts et al. (2001) reported 
49 species from the Clemson Forest following sampling with drift fences, minnow and hoop 
traps, and coverboards.  In KIMO, all herpetofaunal groups were relatively well represented by 
the combined inventories (Table 25).  Because a previous study existed, Reed and Gibbons 
(2005) focused on finding species not previously reported in the park.  Reed and Gibbons (2005) 
stated that the “extensive overlap” between the survey results suggested that the combined 
efforts had reported a “good portion” of the herpetofaunal species occurring in KIMO.  Reed and 
Gibbons (2005) suggest that species presently unreported from the park but likely to occur 
include spring peepers (Pseudacris crucifer), eastern spadefoot toad (Scaphiopus holbrookii), 
pickerel frogs (Rana palustris), four-toed salamanders (Hemidactylium scutatum), and one or 
more species of aquatic turtle.  In most cases, these missing species are cryptic and use 
specialized habitat and could easily be missed in herpetofauna surveys.  They suggested that 
Dellingham Branch and Stonehouse Branch, both on the west side of the park, were locations 
deserving of further efforts directed at finding hitherto unreported species (Reed and Gibbons 
2005). 
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Table 24. Herpetofauna species likely to occur in Kings Mountain NMP by Reed and Gibbons (2005), and species actually reported during two 
inventories.  T=reported by Thomas (2002); R=reported by Reed and Gibbons (2005). 

Scientific Name Common Name Obs   Scientific Name Common Name Obs 
Anurans 

  
Snakes 

 Acris crepitans Northern cricket frog T,R 
 

Agkistrodon contortrix Copperhead T,R 
Bufo americanus American toad T,R 

 
Carphophis amoenus Worm snake T,R 

Bufo fowleri Fowler's toad T,R 
 

Cemophora coccinea Scarlet snake 
 Gastrophryne carolinensis Eastern narrowmouth toad 

  
Coluber constrictor Black racer T,R 

Hyla chrysoscelis/versicolor Gray/Cope's gray treefrog T,R 
 

Crotalus horridus Canebrake rattlesnake T,R 
Pseudacris crucifer Spring peeper 

  
Diadophis punctatus Ringneck snake T,R 

Pseudacris feriarum Upland chorus frog T,R 
 

Elaphe guttata Corn snake T,R 
Rana catesbeiana Bullfrog T,R 

 
Elaphe obsoleta Rat snake T,R 

Rana clamitans Green frog T,R 
 

Heterodon platirhinos Eastern hognose snake T,R 
Rana utricularia Southern leopard frog T,R 

 
Lampropeltis calligaster Mole kingsnake R 

Scaphiopus holbrookii Eastern spadefoot toad 
  

Lampropeltis getula Eastern kingsnake R 
Salamanders 

  
Nerodia sipedon Northern banded water snake T,R 

Ambystoma maculatum Spotted salamander T 
 

Opheodrys aestivus Rough green snake T,R 
Ambystoma opacum Marbled salamander T,R 

 
Regina septemvittata Queen snake T 

Desmognathus fuscus Northern dusky salamander T,R 
 

Storeria dekayi Brown snake 
 Eurycea cirrigera Southern two-lined salamander T,R 

 
Storeria occipitomaculata Redbelly snake T,R 

Eurycea guttolineata Three-lined salamander T 
 

Tantilla coronata Southeastern crowned snake 
 Gyrinophilus porphyriticus Spring salamander  T 

 
Thamnophis sauritus Ribbon snake 

 Hemidactylium scutatum Four-toed salamander 
  

Thamnophis sirtalis Garter snake R 
Notophthalmus viridescens Red spotted newt 

  
Virginia striatula Rough earth snake 

 Plethodon glutinosus complex Slimy salamander T,R 
 

Virginia valeriae Smooth earth snake T 
Pseudotriton montanus Mud salamander  R 

 
Lizards 

 Pseudotriton ruber Red salamander  R 
 

Anolis carolinensis Green anole T,R 
Turtles 

  
Cnemidophorus sexlineatus Six-lined racerunner T,R 

Chelydra serpentina Common snapping turtle R 
 

Eumeces fasciatus Five-lined skink T,R 
Chrysemys picta Eastern painted turtle R 

 
Eumeces inexpectatus Southeastern five-lined skink T,R 

Kinosternon subrubrum Eastern mud turtle 
  

Eumeces laticeps Broadhead skink 
 Sternotherus odoratus Common musk turtle 

  
Ophisaurus attenuatus Slender glass lizard 

 Terrapene carolina Eastern box turtle T,R 
 

Sceloporus undulatus Fence lizard T,R 
        Scincella lateralis Ground skink T,R 
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Table 25.  Number of species of herpetofauna expected and Kings Mountain National Historical Park, 
and numbers and percentages of species actually observed during inventories by Thomas (2002) and 
Reed and Gibbons (2005). 

  # Expected # Observed 
% Expected 

Observed 
All Species 56 42 75 
Amphibians 22 17 77 
Reptiles 34 25 74 
Anurans 11 8 73 
Salamanders 11 9 82 
Lizards 8 6 75 
Snakes 21 16 76 
Turtles 5 3 60 

 
Efforts at documenting herpetofaunal diversity in KIMO have relied significantly upon active 
searching and coverboard sampling (Thomas 2002; Reed and Gibbons 2005).  Because behavior 
and habitat associations vary widely among herpetofaunal species, multiple methods should be 
used when sampling an assemblage (Gibbons et al. 1997; Tuberville et al. 2005).  Total effort 
expended, sample method, sample timing, and the microhabitat sampled all affect the results of 
herpetofaunal surveys (Greenberg et al. 1994; Gibbons et al. 1997; Metts et al. 2001; Floyd et al. 
2002; Ryan et al. 2002).  Drift fencing with pitfall traps is among the most effective and 
commonly used methods of sampling herpetofauna assemblages, and may be especially useful 
for sampling salamanders (Greenberg et al. 1994; Ryan et al. 2002; Wilson and Gibbons 2009).  
Funnel trapping on drift fences is also effective at sampling some herpetofauna, and may be 
particularly effective for sampling species such as large snakes that are relatively poorly sampled 
by pitfalls (Greenberg et al. 1994; Todd et al. 2007). 
 
We did not assign a condition to the herpetofaunal community at Kings Mountain NMP (Table 
26), although the herpetofaunal community at KIMO is demonstrably rich with around 75% of 
likely species reported.  The observations from KIMO are consistent with observations expected 
from a high quality assemblage of reptiles and amphibians.  Reed and Gibbons (2005) noted that 
KIMO exhibited the “best” herpetofaunal community sampled among five piedmont parks 
surveyed.  However, we believe that further effort with additional techniques is needed to 
adequately document a representative sample of KIMO herpetofauna.  There are species not 
included on the “likely” list reported here that could possibly occur in the park.  We also 
acknowledge the difficulty of defensibly ranking herpetofaunal assemblages given the lack of 
tools and published methods for doing so.  
 
If further herpetofaunal sampling is conducted at KIMO, and especially if efforts have the goal 
of documenting most of the species present, we recommend the use of significant effort with 
several sampling methods.  Active searching by experts is an important tool for documenting the 
presence of species, and this method has produced an excellent early understanding of 
herpetofaunal diversity in the park.  Moreover, the understanding of park herpetofauna has 
greatly benefitted from multiple surveys.  The presence of ≥ 5 unique species in each survey 
highlights the importance of repeated sampling when attempting to document assemblages as 
completely as possible.  We recommend that future comprehensive inventories include active 
searches as well as sampling with drift fences combined with pitfalls and funnel traps.  Drift 
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fence pitfall arrays are labor intensive to install and are easily visible if placed in areas with high 
human visitation.  However, once in place they can be used over long time periods with minimal 
maintenance and can be periodically deactivated during non-sampling periods.  Furthermore, this 
method is also effective at sampling small mammals, a community that may be of interest to park 
managers.  We recommend that future efforts include sampling near the larger wetlands 
identified by Roberts et al. (2006; Figure 18), and near the areas in the west of the park identified 
by Reed and Gibbons (2005) as potentially productive sampling areas. 
 
Table 26. No condition was assigned to the herpetofaunal community at Kings Mountain NMP.  The 
quality of herpetofaunal data was good.  No trend was assigned to herpetofaunal communities.  

 

 
 
 
At-risk Biota  
Although no species at the park are listed as federally threatened or endangered, 22 species were 
found to be of special concern due to their local and small-scale rarity or habitat vulnerability 
Sunfacing coneflower (Rudbeckia heliopsidis), for instance, exists at only five remaining 
documented locations in SC, whereas Georgia aster (Symphyotrichum georgianum) populations 
have been reduced to about 63 within their native range.  Currently, Georgia aster is included as 
a candidate for federal listing (Moore 2009). Only 13 populations of Virginia thistle (Cirsium 
virginianum) remain in SC as well.  This species is mainly adapted to longleaf/wiregrass 
savannah ecosystems and moist ecotone regions between dry uplands and streamheads.  
According to Radford et al. (1968), hairy wild indigo (Baptisia cinerea) is documented in 15 SC 
counties and is accustomed to xeric woodland border regions.  Dwarf-flowered heartleaf, a 
federally threatened species which is the focus of recovery and protection efforts at nearby 
Cowpens NB, has not been documented at KIMO (Moore 2009). 
 
For their vegetation survey, NatureServe established twenty-one 50 x 20 m monitoring plots 
within the park spaced on a regular grid (n = 15), with additional plots placed in unique habitat 
(n = 6) that were unlikely to be sampled via gridded placement (White & Govus 2004).  The 
most recent and comprehensive plant inventories at KIMO were conducted by Kennemore 
(1995) and White and Govus (2004).  The latter documented a total of 525 (γ) species.  Average 
species richness per plot (α) was 45.6.  The quotient of these two measures, or β-heterogeneity, is 
scale-dependent and addresses the heterogeneity of species types among different communities, 
with a minimum possible value of one representing homogeneous species assemblages among 
plots.  Higher values reflect more diverse assemblages over a given study area (Whittaker 1972).  
At KIMO, this value was 6.1.  Figure 22 depicts species richness for each of the vegetation types 
included in the plots, some of which occur in more than one of the sampling plots.  The 
Piedmont Small Stream Sweetgum – Tuliptree forest (CEGL004418) had the highest species 
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richness (S = 112), though this community was represented by only one of the sampling plots.  
Figure 22 depicts differences in species richness among communities sampled by White and 
Govus (2004).  Other communities with high richness included the Appalachian Shortleaf Pine – 
Mesic Oak Forest (CEGL8427), Successional Black Walnut Forest (CEGL 7879),  Shortleaf 
Pine Early Successional Forest (CEGL6327), and Piedmont Mesic Basic Oak – Hickory Forest 
(CEGL3949).   
 
Georgia aster, along with eastern turkeybeard (Xerophyllum asphodeloides), are the only two 
species specifically mentioned in the CUPN monitoring plan for the rare plants vital sign at 
KIMO.  Georgia aster, a G2G3 species, is documented in only three SC counties (USDA 2009), 
and usually only occurs in populations smaller than 10m2.  It is currently listed as a candidate for 
federal-listing status (Moore, 2009).  A relict species from fire-maintained post oak savannas, it 
is subject to numerous stressors in its overall habitat, including general land development, 
roadside expansion, fire suppression, and kudzu encroachment (NatureServe 2009).  
Consequently, isolated populations become particularly susceptible to genetic depression 
because it is non-selfing.  This species also is adapted to dispersal via disturbance, and has 
suffered from fire suppression throughout its range.  A unique stressor is a shift towards the use 
of herbicide control in lieu of mowing.  Mowing can enhance dispersal by suppressing 
competing vegetation, especially around the power line right-of-ways at KIMO where this 
species generally occurs (NatureServe 2009; White and Govus 2004).  Fortunately, the park unit 
does not currently allow herbicide control in these right-of-way areas (Chris Revels, pers. 
comm., January 2010).   
 
Eastern turkeybeard has declined in overall range from land-use change, fragmentation, and fire 
suppression (NatureServe 2009).  Currently, eastern turkeybeard exists in only four counties in 
SC.  Because KIMO maintains a regular burn schedule and does not allow herbicide application 
in sensitive right-of-way areas, it is unlikely that these deleterious conditions affect either eastern 
turkeybeard or Georgia aster within the park unit.  Throughout the overall range of each of these 
species, however, the condition appears notably more severe. 
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Figure 21. Georgia aster (Aster georgianus) (left) [Photo by Tom Govus; White and Govus 2004] and 
eastern turkeybeard (Xerophyllum asphodeloides) (right) [Photo by Gary Fleming, www.dcr.virginia.gov] 

Summary 
Of the list of 22 sensitive species found at KIMO (Table 27), only four, including eastern 
turkeybeard, exist in plot-level records of NatureServe vegetation surveys (White and Govus 
2004).  Threats and stressors outlined in Table 27 are largely inapplicable at KIMO due to 
protection afforded by the park unit.  As a result, the assigned condition status of “good” (Table 
28) for the vital sign rare plants only pertains to the welfare of the populations within the park as 
they relate to the absence of specific stressors.   
 
Because specific locations and distributions for most of the rare species, including Georgia aster, 
are unavailable, the spatial data quality criterion was not met (Table 28).  Additionally, 
continued protection and management will likely aid in maintaining these populations of 
sensitive species, thus the condition status is assigned a trend of “stable,” though more specific 
data on individual populations, reproduction, persistence, and success for all of the rare plant 
species would increase the overall data quality of this important resource.   
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Table 27. List of rare plant species at KIMO (White and Govus, 2004; Kennemore, 2005; Moore, 2009).  
Threats of decline are as identified by NatureServe (2009).  

Species Conservation 
status* 

Threats of Decline 

Soft groovebur Agrimonia pubescens G5, S1 Unknown 
Hairy wild indigo Baptisia cinerea G3, G4 Fire suppression, habitat loss (pine plantation, 

development), road maintenance 
Meadow sedge Carex granularis G5, S2 Unknown 
Virginia thistle Cirsium virginianum G3 Habitat loss (pine plantations, development, 

agricultural clearing), fire suppression 
Creeping spikerush Eleocharis palustris G5, S1? Unknown 
Upland boneset Eupatorium 

sessilifolium var. vaseyi 
G5/T3/T5† Unknown 

Black huckleberry Gaylussacia baccata G5, S1 Unknown 
Smooth sunflower Helianthus laevigatus G3/G4, S2 Fire suppression, exotic species (spotted 

knapweed (Centaurea maculosa); Japanese 
honeysuckle)  

Ashy hydrangea Hydrangea cinerea G4, S1 Unknown 
Pale jewelweed Impatiens pallida G5, S1  
Canada moonseed Menispermum 

canadense 
G5, S2/S3 Unknown 

Slender Naiad Najas flexilis G5, S1 Unknown 
Southern Adder’s-tongue Ophioglossum 

vulgatum 
G5, S2 Unknown 

One-flowered broomrape Orobanche uniflora G5, S2 Unknown 
Grove meadow grass Poa alsodes G4/G5, S1? Unknown 
Clammy locust Robinia viscose G3 Unknown 
Sunfacing coneflower Rudbeckia heliopsidis G2, S1/S2 Fire suppression, development, grazing, 

hydrologic alteration 
Biltmore’s carrionflower Smilax biltmoreana G4, S2 Development 
Georgia aster Symphyotrichum 

georgianum 
G2/G3 Road maintenance / expansion, development, 

invasive plants (kudzu), fire suppression 
Soft-haired Thermopsis Thermopsis mollis G3/G4 Land-use conversion and fragmentation, 

interspecific competition 
Pale Manna grass Torreyochloa pallida. 

 
G5, S1 Land-use conversion and fragmentation, 

sedimentation, forest management 
Eastern turkeybeard Xerophyllum 

asphodeloides 
G4, S2 Land-use conversion, habitat fragmentation, 

forest management, fire suppression 
*Listed are global ranking statuses and state status for South Carolina, if any. 
† Interspecific global classification ranking—although species is secure, variety is only apparently secure. 
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Figure 22. Species richness for each of the community types sampled in the NatureServe plots during 
sampling in fall 2001 (White and Govus 2004).  Significance letters (a - e) depict differences from SAS 
LSMeans procedure.  Plot sample size (n) is also given for each CEGL#. 

 
Table 28.  The condition status for rare plants at KIMO was good.  The data quality used to make this 
assessment was fair.  A trend of stable was assigned to this condition. 
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Landscape Dynamics 
 
CRMS 
Landscape dynamics is a broad category that can potentially utilize a variety of metrics or 
measures to describe land characteristics and how they change over time.  Because of its location 
along the I-85 corridor near Greenville and Charlotte, KIMO is particularly prone to the 
influence and alteration from continued land use change.  Infringements on the boundary of the 
park can serve as vectors for invasive species (Vila and Ibanez 2011), contribute to increased air 
and depositional pollution, and facilitate water quality degradation.  To understand how 
landscape changes could affect the park unit, it is useful to compare changes in the surrounding 
area over time.  To that end, the most comprehensive source of landcover information is a 
detailed classification compiled by the Center for Remote Sensing and Mapping Service (CRMS) 
at UGA (Jordan and Madden 2008).  These data are classified according to NatureServe’s list of 
vegetation community types for NPS units in the southeast, which are in turn outlined by the 
Federal Geographic Data Committee as the National Vegetation Classification Standard (FGDC 
2008).   
 
During fall 2002, aerial color infrared photos were collected during leaf-on by US Forest Service 
Air Photographics.  These images were orthorectified and interpreted using software and manual 
analysis to assign vegetation types to specific signatures, in addition to repeated ground-truthing 
to agree on and modify vegetation classifications.  Overall, there are 411 patches of 20 
vegetation types classified for the 1632 ha encompassing KIMO (Jordan and Madden 2008).   
 
By far, the predominant community is the Southern Red Oak – White Oak Mixed Oak Forest, 
which comprises 45% of the total area.  It is ranked as a G4/G5 community, and occurs on acidic 
soils away from mesic and riparian creek areas.  This community is possibly more closed now 
than in the past due to an altered fire regime (White & Govus 2004). The forest canopy is 
typically dominated by southern red oak (Quercus falcata), scarlet oak (Quercus coccinea), 
white oak (Quercus alba), and black oak (Quercus velutina), and the sub-canopy is typically 
composed of blackgum (Nyssa sylvatica) and sourwood (Oxydendrum arboreum). Heaths are 
common in the shrublayer.   
 
The CRMS also used a 400m buffer around the boundary of the park to facilitate landcover 
comparison within and outside the park (Table 29).  Data from the NatureServe categories were 
reclassified to general landcover types based on their descriptions.  Overall, all types of forested 
land (deciduous, early successional forest, mixed forest) are present in moderately higher 
proportions within KIMO than in the buffer region, with the exception of coniferous forest. This 
may be due to a greater number of managed stands surrounding the park area.  In addition, the 
relative abundance of the “other” class, which includes developed land, is higher in the buffer 
region than within the park unit. 
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Table 29. Landcover at KIMO and 400m buffer.  

 
 
 
 
 
 
 
 
 
 
TNC 
An additional source of landcover data is available from a 1994-1995 classification by the 
Southeast Regional Office of The Nature Conservancy, who adapted work by Slocumb (1996). 
Slocumb (1996) produced vegetation maps for 5 small NPS units according to the National 
Vegetation Classification formation levels, which The Nature Conservancy developed (Maybury 
1999).  These levels were classified by association based on height and percent cover of the 
upper canopy strata and are much broader than the specific community types used by 
NatureServe and CRMS.  This method of classification resulted in 356 individual vegetation 
units within KIMO.  After reclassifying the CRMS data to the class level (woodland, forest, 
shrubland, etc.), 1995 landcover was compared to the 2002 version (Table 30).  This comparison 
documented a transition from woodland to forested areas in KIMO, which may be the result of 
natural succession.  Although this comparison is useful, a 2004 accuracy assessment of the 1995 
TNC classification was conducted by NatureServe, which showed an overall poor accuracy of 
the original TNC classification at KIMO (O’Donaghue, 2005).  An overall 67.6% accuracy rate 
and a 59.2% Kappa index resulted from this assessment, which do not meet the overall NPS 
accuracy standard of 80%.  The Kappa index accounts for classification agreement due to 
random chance.  The most frequent error, according to this assessment, was the misclassification 
of mixed forest as evergreen or deciduous.  However, the accuracy assessment was performed 10 
years after the initial classification and also reflects actual changes in the forest composition.  
Consequently, the data presented in Table 30 should be interpreted with caution.   
 
Table 30. Comparison of landcover types from 1995 (TNC) to 2002 CRMS classifications (Jordan and 
Madden 2008). 

 
 
 
 

Landcover 400 m buffer KIMO 
 -----ha (%cover)----- 
Coniferous 85 (11%) 47 (3%) 
Deciduous 459 (61%) 1283 (78%) 
Early Successional 52 (7%) 178 (11%) 
Graminoid 87 (11%) 1 (<1%) 
Other 34 (4%) 4 (<1%) 
Mixed Forest 33 (4%) 134 (8%) 
Bare Soil 8 (1%) <1 (<1%) 
Total 758 1647 

Landcover class 1995 (NatureServe) 2002 (CRMS) Change 
 ------ha (% cover)------  
Woodland 238 (15%) 104 (6%) -8% 
Forest 1325 (83%) 1461 (91%) +8% 
Herbaceous/Shrubland 14 (1%) 32 (2%) +1% 
Developed 21 (1%) 4 (<1%) ~0% 
Other 1 (<1%) 2 (<1%) ~0% 
Total 1599 1603 -- 
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Summary 
Despite the available data from the CRMS and TNC landcover classifications, we did not assign 
a condition ranking to landscape dynamics at KIMO (Table 31).  The stability of landcover 
classes between time periods in the TNC and CRMS comparison led to an assignment of a 
“stable” trend.  
 
As of this writing, a landscape dynamics monitoring protocol (NPScape) is still in review for 
each of the parks in the CUPN (S. McAninch, personal communication, Jan. 2010).  Landscape 
data from the NLCD, and especially the vegetation classification performed for KIMO by the 
CRMS, will provide a meaningful resource from which to conduct further assessment.  The new 
landscape dynamics monitoring protocol will undoubtedly provide a basis by which to assess 
landscape conditions for all NPS units. 
 
Table 31. The condition status for landscape dynamics at KIMO was not ranked.  The data quality for this 
condition was fair.  A trend of stable was assigned to this condition. 
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Conclusions 
Summary 
Based on a review of available ecological information at KIMO, we have addressed the current 
condition of fourteen natural resources attributes in the park.  We provided qualitative condition 
ranks for nine of the 14 attributes.  Five attributes were discussed and not ranked.  Seven 
attributes (50%) were ranked as good, two (14%) were ranked as fair, and none were ranked as 
poor.  The remaining five attributes (37%) were not ranked.  Summarized into broad level-1 
categories (Table 1) the ranking were:  
 
1) Air and Climate (two attributes)—100% Fair 
2) Water (three attributes)—100% Good 
3) Biological Integrity (eight attributes)—50% Good, 50% Not Ranked 
4) Landscapes (one attribute)—100% Not Ranked. 
 
We also characterized the quality of information used to make each assessment.  We considered 
the temporal, thematic, and spatial quality of available data for each attribute.  Data for all 
attributes, including attributes not ranked, were classified as fair or good.  Attribute data were 
ranked as fair for the following attributes: ozone, foliar injury, invasive plants, bird communities, 
mammal communities, rare plants, and land use. 
 
Natural Resource Conditions 
Natural resources at KIMO were chosen based on data availability, park-level importance, and 
vital sign status.  The level of data completeness varied greatly among natural resource 
categories, though this aspect was considered independently when assigning condition rankings.   
Where appropriate, suggestions are offered to improve natural resource datasets. 
 
Ozone:  
Although KIMO only conducted preliminary monitoring in 2005 using a POMS, the proximity 
of Cowpens NB, which has monitored ozone since 1987, allows for inferences about the level of 
threat at KIMO.  In addition, national interpolation maps by the ARD allow a rough estimate of 
concentrations over the period 1995 – 2007, for which they showed elevated values.  At COWP, 
recent monitoring has also shown elevated measurements and frequent violations of EPA 
requirements.  Recently, ozone concentrations at COWP have dropped into the region of 
compliance, though they still fluctuate close to the threshold.  As a result of these factors, KIMO 
received a “fair” condition status ranking.  Continued growth of the surrounding Greenville 
metropolitan region could threaten the air quality at both KIMO and Cowpens NB. 
 
Data quality:   
By itself, KIMO has relatively little data on ozone, and much of this assessment was based on 
inferences from monitoring at Cowpens NB.  Because most of the ozone data specific to KIMO 
was from the NPS ARD, however, this condition did not receive a spatial data quality ranking.  
As long as Cowpens NB maintains continuous monitoring, it is justifiable to use data from that 
park unit to assess the relative threat of ozone at KIMO.    
As of this writing, however, the Air Resources Division recently loaned a POMS that was 
installed at KIMO in 2011.  In addition, KIMO is scheduled to rotate onto the CUPN’s vital 
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signs monitoring schedule in 2013, so there is planned on-the-ground monitoring of ozone levels 
and foliar injury by the CUPN.    
 
Foliar injury:  
Risk of ozone damage to vegetation is closely tied to ozone concentrations, though it is also 
affected by exposure duration, species sensitivity, and soil moisture conditions.  The severity of 
the three foliar injury metrics interpreted from national interpolation maps was inconsistent at 
KIMO, though they overall averaged a moderate risk, resulting in a condition assignment of 
“fair.”  Soil moisture showed little association with foliar injury risk. 
 
Data quality:   
Foliar injury metrics are derived from ozone concentration data, and thus the lack of on-the-
ground monitoring at KIMO led to a missing spatial data quality ranking just as it did for ozone 
condition.  Interpolations by the ARD are helpful but most useful when combined with soil 
moisture metrics like Palmer-Z to assess vulnerability of vegetation during drought and wet 
periods.  Finally, periodic vegetation inventories at KIMO will ensure that sensitive species lists 
at the park remain up-to-date and will aid in the quick identification of foliar injury.  As 
mentioned above, the new addition of the POMS at KIMO and scheduled vital signs monitoring 
in 2013 will help in determining the impact of ozone and foliar injury at KIMO. 
 
Hydrology:   
Comprised of three condition rankings, overall water quality at KIMO is in good condition.  The 
first, water chemistry, addresses various water quality parameters measured at different streams.  
Overall, water chemistry presented no chronic issues and received a condition status ranking of 
“good.”  Although mean DO concentrations were well within the recommended range for aquatic 
life, some of the sampling locations recorded low DO concentrations in 2007, which may suggest 
that some periods with low DO could inhibit aquatic species.   
 
The second hydrology condition ranking was for microorganisms, for which the monitored 
parameter changed from fecal coliform to E. coli in the most recent monitoring period.  Earlier 
sampling showed high fecal coliform concentrations at two sampling stations on Dellingham 
Branch, resulting in a significantly higher mean for this location.  Subsequent sampling for E. 
coli resulted in no elevated concentrations.  Despite the elevated fecal coliform concentrations at 
a single site, likely a consequence of wildlife feces, the condition status for microorganisms was 
assigned a ranking of “good.”   
 
The third, surface water, is mainly influenced by flow alterations and is largely irrelevant 
because of the scale of the park, which contains mostly short flow lengths.  In addition, with the 
exception of Kings Creek, all water flow begins inside the park, suggesting that virtually no flow 
alterations are imposed in the park unit.  As a result, this attribute received a “good” ranking.   
 
Data quality:   
Data for these three attributes is collected at six stations bi-monthly every other year.  Although 
the current dataset is sparse due to monitoring originating in 2003, this monitoring regime 
represents an important beginning for KIMO to develop water quality baselines.  
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Invasive Plants:   
The park unit contains several exotic plant species, as well as a handful of especially noxious 
invasive species.  Because of their ability to affect native species and communities, White and 
Govus (2004) consider exotic plants as perhaps the greatest threat to the ecological health of the 
park unit.  Japanese honeysuckle and Japanese stiltgrass may pose the greatest risk to sensitive 
communities like the Piedmont Small Stream Sweetgum Forest and Piedmont Seepage Wetlands, 
in addition to areas such as power line right-of-ways where Georgia aster, a sensitive species, 
occurs.  Despite the threat presented by these species, KIMO has fewer exotic plants for its size 
than other CUPN park units, and much fewer than surrounding, unprotected areas.   Management 
from prescribed burns and the Southeast Region Exotic Plant Management Team (EPMT) have 
certainly played a large role in maintaining natural community types.  For these reasons, the 
condition status of invasive plants received a ranking of “good” with a stable trend. 
 
Data quality:   
The most recent vegetation inventory on which this assessment is based was conducted in 2004, 
and therefore this condition status did not receive a temporal data quality ranking.  It is possible 
that management activities and natural progression since that time have altered patterns of 
invasives in the park unit.  It is important that frequent inventory updates or focused monitoring 
of infested and sensitive areas can help direct eradication efforts.   
 
Insect Pests:   
Based on records of previous infestations, the southern pine beetle is the insect pest that likely 
presents the greatest risk to vegetation communities at KIMO.  There appear to be no particular 
predisposing factors for infestation within the park unit, though generally drought, fires, and 
lightning strikes should alert attention to vulnerable areas.  Overall, gypsy moth and ips beetle 
appear to present little risk at KIMO.  Although patterns and frequency of infestation remain 
somewhat unpredictable, T in the park unit may play a beneficial role in stand susceptibility.  
This attribute is assigned a condition status ranking of “good.” 
 
Data quality:  
This assessment is based largely on risk prediction maps for southern pine beetle infestation, in 
addition to vegetation plot observations from the 2004 inventory.  Frequent vegetation 
monitoring at these plots, or devoted monitoring for beetle infestation, would help construct a 
history of infested areas, as well as help identify sensitive stands.      
 
Vegetation Communities:  
Detailed vegetation maps have been completed for the park and incorporated into the most recent 
vegetation inventory.  A recent wetlands inventory is also extensive.  Together, these data 
sources outline several vegetation communities and focal communities that provide unique 
habitat for plant and animal diversity.  Currently, this attribute remains unranked, but with the 
completion of the vegetation monitoring protocol—currently underway—a systematic approach 
to using this vegetation data will likely become available.   
 
Data quality:  
The vegetation maps and inventories are fairly extensive, though they will require frequent 
updates to reflect natural changes and management activities.      
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Fish Communities:  
Kings Mountain NMP contains significant high-quality fish habitat.  Two fish inventories in the 
park each reported 19 species with a combined total of 27 species.  The difference in 
assemblages reported by the two efforts was notable.  Differences could have resulted from 
assemblage changes, differences in sampling approach, random sampling error, or 
misidentification of species.  The most recent survey indicated a rich assemblage of native fish.  
An index of biotic integrity applied to the results of the recent survey from Kings Creek and 
Long Branch indicated the quality of fish assemblages and fish habitat was good.  Comments by 
the researcher conducting the most recent survey suggested the park ichthyofauna was a suitable 
reference for regional potential.  The condition of the fish community was ranked as “good.”  A 
ranking of “excellent” could be warranted, but the differences between the two reports suggest 
some possibility of major assemblage changes in recent years.  No trend was assigned to this 
condition. 
 
Data quality: 
The available fish data were ranked as good.  The most recent report was primarily used for 
assessment and was of high quality.  Samples were collected recently using appropriate 
standardized methods.  Efforts adequately sampled the available habitat. 
 
Bird Communities:  
The park contains primarily mature forested habitat suitable for native birds.  One hundred 
eighteen bird species were reported from a recent inventory, suggesting KIMO contains a 
relatively rich bird assemblage.  The bird inventory was conducted using point counts, but the 
count length, spatial coverage, and seasonal timing of the efforts made comparison with other 
efforts difficult.  The methods of summarizing the results did not facilitate analyses that were 
spatially or temporally explicit.  The park demonstrably hosts a relatively rich community of 
native breeding birds, including species requiring undisturbed mature forest habitat.  The 
condition of the bird community was not ranked.  No trend was assigned to bird community 
condition. 
 
Data quality: 
The available bird data were fair.  The data could be considered poor for purposes of comparison 
with other bird monitoring efforts.  However, the data represent a very significant effort to 
document the richness of birds in the park, which was an important goal of the program under 
which the data were collected. 
 
Mammal Communities:  
Recent inventories of terrestrial mammals and bats reported 20 species from the park, 
representing about 61% of the expected native mammal diversity, with 59% of expected non-
volant mammals, and 67% of expected bats.  Researchers suggested that the observed terrestrial 
mammal diversity and capture success was lower than expected, and that the observed capture 
success and activity levels of bats were relatively low.  The low levels of observed mammal 
capture success may result, in part, from the dominating heavily forested habitat KIMO which 
may affect both diversity and detectability of species.  The condition of the mammal community 
was not ranked.  No trend was assigned to mammal community condition. 
  
Data quality: 
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The available mammal data were fair.  Bat samples were collected recently using appropriate 
methods in representative park habitats.  The effort applied to non-volant mammals was lower 
than the amount of effort commonly used in studies sampling mammal assemblages.  
Furthermore, studies to date have not used the diversity of trapping methods recommended to 
appropriately sample mammal assemblages. 
 
Herpetofaunal Communities:  
Two inventories of KIMO herpetofauna have been conducted.  The assemblage of reptiles and 
amphibians in the park was demonstrably quite rich.  The reported herpetofaunal community at 
KIMO included 42 species.  These represented about 75% of the likely herpetofaunal species, 
with all groups relatively well-represented and salamander being best-represented with 82% of 
likely species reported.  Agreement between the surveys was good, and researchers stated that a 
good proportion of reptiles and amphibians in the park had probably been documented by the 
surveys.  Nonetheless, because sampling effort to date has relied heavily upon active searching, 
the results of these surveys may not represent an accurate understanding of the KIMO 
herpetofaunal richness.  The condition of the herpetofaunal community was not ranked.   
 
Data quality: 
The available herpetofaunal data were fair.  Samples were collected recently and in 
representative park habitats.  Sampling has relied primarily upon active searching and an 
excellent start has been made at understanding herpetofaunal richness in KIMO.  Because efforts 
were not highly standardized, comparisons between efforts and estimates of relative abundance 
are not possible with the data.  Studies have not used the diversity of trapping methods 
recommended to appropriately sample the expected park richness.     
 
At-Risk Biota:   
Although there are several sensitive species present at KIMO, Georgia aster and eastern 
turkeybeard are the ones specifically mentioned by the CUPN monitoring plan due to their rarity.  
Little specific information is available on the abundance of these species in the park unit, though 
both likely benefit from management activities including mowing right-of-way areas and 
prescribed burning, and continued protection of their habitat in the park will likely ensure 
improvement of populations of these species.  As a result, the condition is assigned a ranking of 
“good” for this attribute, with a stable trend. 
 
Data quality:   
Assessment of this condition was based mainly on plot observations and vegetation inventory by 
White and Govus (2004).   Specific data on the distribution and viability of other sensitive 
species is relatively sparse with the exception of their plot-level presence observations in the 
most recent vegetation inventories.  Additional monitoring efforts focused on these species 
would aid in their protection and recovery.      
 
Landscape Dynamics:   
Numerous factors are involved in an explanation of landscape dynamics and their effects on the 
park unit.  Comparing landcover from within and without the park shows mostly higher 
proportions of deciduous forestland and lower proportions grassland and coniferous forest inside 
the park boundary than in the surrounding buffer area.  Another comparison depicting changes 
over time (1995-2002) shows a transition from woodland to forestland, perhaps representing 
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natural succession.  No condition rank was assigned to the status of this attribute, and currently, 
the CUPN is also reviewing a protocol to standardize the assessment of this natural resource vital 
sign. 
 
Data quality:   
Several sources of data are readily available and will be valuable for this condition once an 
assessment protocol is in place.  These sources include recent vegetation maps of KIMO 
produced by the CRMS and NatureServe, NLCD layers, road density maps, demographic data, 
and others.   
 
Natural Resource Synthesis  
The natural resource attributes selected for this condition ranking are intended as a 
comprehensive summary of the ecological status of KIMO.  Although each condition is assigned 
a rank separately, a large part of their importance relies on their potential to interact and 
influence other attributes, either positively or negatively.  A significant challenge to preserving 
natural resources is considering these interactions and prioritizing management efforts to 
produce the most beneficial outcomes.   
 
Overall, it is difficult to select a single natural resource attribute with the greatest overarching 
influence on other ecosystems, though perhaps the most apparent risk at KIMO is posed by 
competition by exotic plant species.  These species have the potential for incursion to other 
natural/focal vegetation communities, where they are especially competitive and can alter the 
vegetation structure of the areas they invade.  This, in turn, can depress diversity of other guilds 
such as birds, mammals, and herpetofauna that may rely on a specific habitat type.  Besides 
reducing overall diversity in these stands, sensitive species may lack resistance to competition 
and can easily be extirpated from their habitat.  The pervasiveness of exotic species throughout 
various habitats can make their treatment challenging, such that the most efficient approach 
might be to protect currently unimpacted sensitive areas and species from invasion.               
 
Landscape dynamics is another attribute that follows a complex relationship with other 
ecosystem processes.  Potential landscape patterns, such as development or fragmentation, can 
serve as vectors for invasion of exotic species, while connected forest landscapes could act as 
corridors for insect or disease entry.  Landscape changes can also result in additional sources of 
air pollution, which contributes to generation of ozone.  This, in turn, has the potential to alter 
vegetation communities through foliar injury.  Both of these issues are particularly relevant at 
KIMO due to its close proximity to developed areas and the overall Greenville, SC region.  
Encroachment may also have effects on water quality of streams at KIMO via atmospheric 
deposition, which are already susceptible to acidic loading due to naturally low buffering 
capacities in the majority of park waterbodies.  The unique challenge of landscape dynamics is 
determining which aspects are worth monitoring due to their pertinence to natural resources of 
interest.   
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Appendices 
Appendix  A.  NPS Ecological Monitoring Framework table, with highlighted categories representing relevant vital signs specifically 
selected for Kings Mountain National Military Park.  ‘*’ denotes an official vital sign as identified by the CUPN for KIMO by the 
network monitoring plan.  Highlighted entries with a ‘†’ are significant natural resources mentioned elsewhere, or low priority vital 
signs mentioned in the original list of considerations in Appendix Q of the CUPN Monitoring Plan.  Measures listed in column 4 are 
suggested measures or ones already available from existing data. 
 

Ecological Monitoring Framework—Kings Mountain National Military Park 
Level 1 Category Level 2 Category Level 3 Category Specific Resource / Area of Interest 

Air and Climate Air Quality 
Ozone* 

Official Vital Sign: “Ozone and foliar injury” ;  
Measures: Ozone levels and impact on native plants; 
Sum06, W126, and N100 injury metrics 

Wet and Dry Deposition  
Visibility and Particulate Matter  
Air Contaminants  

Weather and Climate 
Weather and Climate* 

Official Vital Sign: “Climate/ Weather” 
Protocol still in development 

Geology and Soils Geomorphology Windblown Features and Processes  
Glacial Features and Processes  
Hillslope Features and Processes  
Coastal/Oceanographic Features and 
Processes 

 

Marine Features and Processes  
Stream/River Channel Characteristics  
Lake Features and Processes  

Subsurface Geologic Processes Geothermal Features and Processes  
Cave/Karst Features and Processes  
Volcanic Features and Processes  
Seismic Activity  

Soil Quality Soil Function and Dynamics  
Paleontology Paleontology  

Water Hydrology Groundwater Dynamics  
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Appendix A. Continued. 
 
  

Surface Water Dynamics* 
Official Vital Sign: “Water Quality and Quantity”; 
Measures: Discharge 

Marine Hydrology  
Water Quality 

Water Chemistry* 
Official Vital Sign: “Water Quality and Quantity” ; 
Measures: Temp, pH, specific conductivity, DO, ANC;  

  Nutrient Dynamics  
Toxics  

Microorganisms* 
Official Vital Sign: “Water Quality and Quantity”; 
Measures: E. coli and total coliform 

Aquatic Macroinvertebrates and Algae  
Biological Integrity Invasive Species 

Invasive/Exotic Plants* 
Official Vital Sign: “Invasive Plants”; (70 non-native 
species; 11 highly invasive) 
Measures: Abundance, Competition, Invasibility, I-
Rank metric 

Invasive/Exotic Animals  
Infestations and Disease 

Insect Pests* 
Official Vital Sign: “Forest Pests”; 
Measures: Current/Historical Abundance, Range of 
Damage, Risk of Infestation 

Plant Diseases  
Animal Diseases  

Focal Species or Communities Marine Communities  
Intertidal Communities  
Estuarine Communities  

Wetland Communities* 
Official Vital Sign: “Vegetation Community”; 
Meausures: Vegetation structure, composition, extent, 
focal communities 

Riparian Communities* 
Official Vital Sign: “Vegetation Communities”; 
Meausures: Vegetation structure, composition, extent, 
focal communities 

Freshwater Communities  
Sparsely Vegetated Communities  
Cave Communities  
Desert Communities  
Grassland/Herbaceous Communities  

Shrubland Communities* 
Official Vital Sign: “Vegetation Communities”; 
Meausures: Vegetation structure, composition, extent, 
focal communities 
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Appendix A. Continued. 
 
  

Forest/Woodland Communities* 
Official Vital Sign: “Vegetation Communities”; 
Meausures: Vegetation structure, composition, extent, 
focal communities 

Marine Invertebrates  
Freshwater Invertebrates  

  Terrestrial Invertebrates  
Fishes† Not an official Vital Sign: 

Measures: North Carolina fish IBI, Species Richness,  
Amphibians and Reptiles† Not an official Vital Sign:  

Measures: Richness, % expected reported 
Birds† Not an official Vital Sign: 

Measures: Bird Community Index, presence of 
indicator sp. 

Mammals† Not an official Vital Sign:  
Measures: Richness, % expected reported 

Vegetation Complex (use sparingly)  
Terrestrial Complex  (use sparingly)  

At-risk Biota 
T&E Species and Communities* 

Official Vital Sign “Rare Plants”  
Measures: Species abundance and change (Oglethorpe 
Oak—G3) 

Human Use Point Source Human Effects Point Source Human Effects  
Non-point Source Human Effects Non-point Source Human Effects  
Consumptive Use Consumptive Use  
Visitor and Recreation Use Visitor Use  
Cultural Landscapes Cultural Landscapes  

Landscapes 
(Ecosystem Pattern 
and Processes) 

Fire and Fuel Dynamics Fire and Fuel Dynamics  
Landscape Dynamics 

Land Cover and Use* 
Official Vital Sign: “Landscape Dynamics” 
Measures: Changes in landcover over time, correlation 
of landcover with species of concern, adjacent land use 
patterns, areas managed as biodiversity hotspots or 
wildlife corridors 

Extreme Disturbance Events Extreme Disturbance Events  
Soundscape Soundscape  
Viewscape Viewscape/Dark Night Sky  
Nutrient Dynamics Nutrient Dynamics  
Energy Flow Primary Production  
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Appendix B.  List of plant species included by White and Govus (2004) in their NatureServe 
vegetation inventory.  ‘*’ indicates species presence in park unconfirmed, but probable.  
 

Species Common name  Species Common name 
Acalypha gracilens Slender threeseed 

mercury 
 Lindernia monticola Piedmont false 

pimpernel 
Acalypha rhomboidea Virginia threeseed 

mercury 
 Linum striatum Ridged yellow flax 

Acer palmatum Japanese maple  Linum virginianum Woodland flax 
Acer rubrum Red maple  Liriodendron tulipifera Tuliptree 
Acer rubrum var. trilobum Red maple  Lobelia amoena Southern lobelia 
Acer saccharum var. 
saccharum 

Sugar maple  Lobelia cardinalis Cardinalflower 

Achillea millefolium Common yarrow  Lobelia inflata Indian tobacco 
Agalinis purpurea Purple false 

foxglove 
 Lobelia puberula Downy lobelia 

Ageratina altissima var. 
altissima 

White snakeroot  Lobelia siphilitica Great lobelia 

Agrimonia parviflora Harvestlice  Lolium perenne ssp. 
multiflorum 

Annual rye grass 

Agrostis perennans Autumm bentgrass  Lonicera flava Yellow honeysuckle 
Ailanthus altissima Tree-of-heaven  Lonicera japonica Japanese 

honeysuckle 
Alnus serrulata Hazel alder  Lonicera sempervirens Trumpet 

honeysuckle 
Ambrosia artemisiifolia Ragweed  Ludwigia alternifolia Seedbox 
Ambrosia trifida Great ragweed  Ludwigia palustris Marsh primrose-

willow 
Amelanchier arborea Downy serviceberry  Lycopodium digitatum Fan clubmoss 
Amelanchier arborea var. 
laevis 

Smooth serviceberry  Lycopodium obscurum Ground pine 

Amelanchier laevis Allegheny 
serviceberry 

 Lycopus uniflorus Northern bugleweed 

Ampelopsis brevipedunculata Porcelainberry  Lycopus virginicus Virginia bugleweed 
Amphicarpaea bracteata American hogpeanut  Lyonia ligustrina Maleberry 
Aneilema keisak Aneilema  Lysimachia ciliata Fringed loosestrife 
Antennaria plantaginifolia Plantainleaf 

pussytoes 
 Lysimachia lanceolata Lanceleaf loosestrife 

Anthoxanthum odoratum Sweet vernalgrass  Lysimachia quadrifolia Lanceleaf loosestrife 
Apios americana Groundnut  Lysimachia terrestris Earth loosestrife 
Aplectrum hyemale Adam and Eve  Magnolia fraseri Fraser's magnolia 
Apocynum androsaemifolium Flytrap dogbane  Mahonia bealei Beale's Oregon-

grape 
Apocynum cannabinum Indianhemp  Mahonia japonica X 

lorariifolia 
Japanese Oregon-
grape 

Aquilegia canadensis American 
columbine 

 Maianthemum canadense Canada mayflower 

Arabidopsis thaliana Mouseear cress  Maianthemum racemosum 
ssp. racemosum 

False Solomon's seal 

Aralia spinosa Devil's walkingstick  Medeola virginiana Indian cucumber 
Arctium minus Lesser burrdock  Medicago lupulina Black medic clover 
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Appendix B.  List of plant species included by White and Govus (2004) in their NatureServe 
vegetation inventory.  ‘*’ indicates species presence in park unconfirmed, but probable 
(continued).  
 

Species Common name  Species Common name 
Arenaria serpyllifolia Thymeleaf sandwort  Melica mutica Oniongrass 
Arisaema triphyllum  Jack-in-the-pulpit  Mentha spicata Spearmint 

Aristida dichotoma Churchmouse 
threeawn 

 Mentha piperita ssp. piperita Peppermint 

Aristolochia serpentaria Virginia snakeroot  Microstegium vimineum Japanese stiltgrass 
Aronia melanocarpa Black chokeberry  Mimulus ringens Allegheny 

monkeyflower 
Artemisia vulgaris Mugwort  Minuartia glabra Appalachian 

stitchwort 
Arthraxon hispidus Hairy jointgrass  Minuartia groenlandica Sandwort 
Asclepias amplexicaulis Clasping milkweed  Miscanthus sinensis Chinese silvergrass 
Asclepias incarnata ssp. 
pulchra 

Swamp milkweed  Mitchella repens Partridgeberry 

Asclepias syriaca Common milkweed  Mollugo verticillata Carpetweed 
Asclepias tuberosa ssp. 
tuberosa 

Butterfly milkweed  Monarda clinopodia White bergamot 

Asclepias variegata White milkweed  Monotropa hypopithys Pinesap 
Asparagus officinalis Garden asparagus  Monotropa uniflora Indianpipe 
Asplenium platyneuron Ebony spleenwort  Morus alba White mulberry 
Aster divaricatus var. 
divaricatus 

Heart-leaved aster  Muhlenbergia schreberi Nimblewill 

Aster dumosus* Bushy aster  Murdannia keisak Aneilima 
Aster lateriflorus* Calico aster  Myriophyllum aquaticum Brazilian 

watermilfoil 
Aster patens* Late purple aster  Myriophyllum spicatum Eurasian water-

milfoil 
Aster pilosus var. pilosus* White old field aster  Nymphaea odorata American white 

waterlily 
Aster solidagineus White-topped aster  Nyssa sylvatica Blackgum 
Aster surculosus Creeping aster  Oenothera biennis Common evening 

primrose 
Athyrium asplenioides* Southern lady fern  Osmunda cinnamomea Cinnamon fern 
Athyrium filix-femina ssp. 
asplenioides 

Asplenium ladyfern  Oxalis stricta Sourgrass 

Aureolaria laevigata Entireleaf yellow 
false foxglove 

 Oxydendrum arboreum Sourwood 

Aureolaria virginica Downy yellow false 
foxglove 

 Oxypolis rigidior Stiff cowbane 

Barbarea verna Early yellowrocket  Packera anonyma Small's ragwort 
Barbarea vulgaris Yellow rocket  Packera aurea Golden ragwort 
Berberis thunbergii Japanese barberry  Packera millefolia Piedmont ragwort 
Betula lenta Sweet birch  Panicum anceps Beaked panicgrass 
Betula nigra River birch  Panicum dichotomiflorum Fall panicgrass 
Bidens bipinnata Spanish needles  Panicum dichotomum var. 

dichotomum 
Forked witch grass 

Bidens frondosa Devil's beggarticks  Panicum flexile Wiry panicgrass 
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Appendix B.  List of plant species included by White and Govus (2004) in their NatureServe 
vegetation inventory.  ‘*’ indicates species presence in park unconfirmed, but probable 
(continued).  
 

Species Common name  Species Common name 
Boehmeria cylindrica Small-spike false 

nettle 
 Panicum virgatum var. 

virgatum 
Switchgrass 

Botrychium dissectum Cutleaf grapefern  Parthenocissus quinquefolia Virginia creeper 
Botrychium virginianum Rattlesnake fern  Paspalum laeve Field paspalum 
Bromus cathartica Rescue brome  Passiflora lutea Passionflower 
Bulbostylis capillaris Densetuft hairsedge  Paulownia tomentosa Princess tree 
Buxus sempervirens Common boxwood  Perilla frutescens Beefsteakplant 
Calamagrostis cinnoides Arctic reedgrass  Phlox amoena Hairy phlox 
Calycanthus floridus var. 
glaucus 

Eastern sweet-shrub  Photinia melanocarpa Black chokeberry 

Calycanthus floridus var. 
laevigatus 

Eastern sweet-shrub  Physalis longifolia var. 
subglabrata 

Longleaf 
groundcherry 

Calystegia sepium Hedge bindweed  Physocarpus opulifolius Common ninebark 
Campanula divaricata Small bonny 

bellflower 
 Phytolacca americana Pokeweed 

Cardamine hirsuta Hairy bittercress  Pilea pumila Canada clearweed 
Carex aestivalis Summer sedge  Pinus echinata Shortleaf pine 
Carex atlantica ssp. atlantica Atlantic sedge  Pinus rigida Pitch pine 
Carex cephalophora Oval-leaf sedge  Pinus strobus White pine 
Carex crinita Fringed sedge  Pinus virginiana Virginia pine 
Carex debilis White edge sedge  Piptochaetium avenaceum Blackseed 

needlegrass 
Carex debilis var. pubera White edge sedge  Pityopsis graminifolia var. 

graminifolia 
Narrowleaf silkgrass 

Carex gracilescens Slender looseflower 
sedge 

 Plantago aristata Largebracted 
plantain 

Carex intumescens Greater bladder 
sedge 

 Plantago lanceolata English plantain 

Carex laevivaginata Wooly sedge  Plantago rugelii Rugel's plantain 
Carex lurida Shallow sedge  Plantago rugellii Rugel's plantain 
Carex pensylvanica Pennsylvania sedge  Platanthera clavellata Small green wood 

orchid 
Carex retroflexa Reflexed sedge  Platanus occidentalis Sycamore 
Carex scoparia Pointed broom 

sedge 
 Poa annua Annual bluegrass 

Carex styloflexa Bent sedge  Polygala curtissii Curtiss' milkwort 
Carex swanii Swan's sedge  Polygala polygama Bitter milkwort 
Carex virescens Ribbed sedge  Polygonatum biflorum var. 

biflorum 
King Solomon's seal 

Carya alba Mockernut hickory  Polygonatum pubescens Hairy Solomon's 
seal 

Carya glabra Pignut hickory  Polygonum caespitosum var. 
longisetum 

Oriental ladysthumb 

Carya ovalis Red hickory  Polygonum cespitosum var. 
longisetum 

Water pepper 

Carya pallida Sand hickory  Polygonum cuspidatum Japanese knotweed 
 



 

102 
 

Appendix B.  List of plant species included by White and Govus (2004) in their NatureServe 
vegetation inventory.  ‘*’ indicates species presence in park unconfirmed, but probable 
(continued).  
 

Species Common name  Species Common name 
Castanea dentata American chestnut  Polygonum sagittatum Arrowleaf 

tearthumb 
Catalpa speciosa Northern catalpa  Polygonum scandens var. 

scandens 
Climbing knotweed 

Ceanothus americanus New Jersey tea  Polygonum tenue Pleatleaf knotweed 
Celastrus orbiculatus Oriental bittersweet  Polypodium virginianum Rock polypody 
Cerastium brachypetalum Gray chickweed  Polystichum acrostichoides Christmas fern 
Cerastium fontanum ssp. 
vulgare 

Common mouse-ear 
chickweed 

 Populus alba White poplar 

Cercis canadensis var. 
canadensis 

Redbud  Portulaca oleracea Common purslane 

Chamaecrista nictitans ssp. 
nictitans var. nictitans 

Sensitive partridge 
pea 

 Potentilla canadensis Dwarf cinquefoil 

Chamaelirium luteum Fairywand  Potentilla recta Roughfruit 
cinquefoil 

Chamaesyce maculata Spotted sandmat  Prenanthes altissima Tall rattlesnakeroot 
Chamaesyce nutans Spotted sandmat  Prunella vulgaris Heal all 
Chelone sp. Turtlehead  Prunus cerasus Sour cherry 
Chelone glabra White turtlehead  Prunus serotina var. serotina Black cherry 
Chenopodium album Lambsquarters  Pteridium aquilinum Bracken fern 
Chenopodium ambrosioides Mexican tea  Pycnanthemum flexuosum Appalachian 

mountain mint 
Chimaphila maculata Striped prince's pine  Pycnanthemum verticillatum Whorled mountain 

mint 
Chionanthus virginicus Fringetree  Pyrularia pubera Buffalo nut 
Chrysopsis mariana Maryland 

goldenaster 
 Quercus alba White oak 

Cimicifuga racemosa Black cohosh  Quercus coccinea Scarlet oak 
Cirsium vulgare Bull thistle  Quercus falcata Southern red oak 
Clematis virginiana Devil's darning 

needles 
 Quercus marilandica Blackjack oak 

Clethra acuminata Mountain 
sweetpepperbush 

 Quercus prinus Chestnut oak 

Collinsonia canadensis Richweed  Quercus rubra Northern red oak 
Comandra umbellata Bastard-toadflax  Quercus stellata Post oak 
Commandra umbellate Bastard-toadflax  Quercus velutina Black oak 
Commelina communis Asiatic dayflower  Ranunculus abortivus Smallflower 

buttercup 
Commelina virginica Virginia dayflower  Ranunculus bulbosus Bulbous buttercup 
Conium maculatum Poison hemlock  Ranunculus hispidus Bristly buttercup 
Convallaria majuscula American lily of the 

valley 
 Ranunculus recurvatus Littleleaf buttercup 

Conyza canadensis var. 
pusilla 

Canadian horseweed  Ranunculus repens Creeping buttercup 

Coreopsis major Stiffleaf coreopsis  Rhexia mariana var. mariana Maryland 
meadowbeauty 
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Appendix B.  List of plant species included by White and Govus (2004) in their NatureServe 
vegetation inventory.  ‘*’ indicates species presence in park unconfirmed, but probable 
(continued).  
 

Species Common name  Species Common name 
Coreopsis tripteris Tall tickseed  Rhexia virginica var. 

virginica 
Virginia meadow-
beauty 

Cornus amomum Silky dogwood  Rhododendron arborescens Smooth azalea 
Cornus florida Flowering dogwood  Rhododendron 

calendulaceum 
Flame azalea 

Corydalis sempervirens Rock harlequin  Rhododendron maximum Rosebay 
rhododendron 

Corylus americana American hazelnut  Rhododendron 
periclymenoides 

Pink azalea 

Crataegus flava Yellowleaf 
hawthorn 

 Rhus copallinum var. latifolia Winged sumac 

Croton willdenowii Two-fruit rushfoil  Rhynchospora capitellata Brownish beaksedge 
Crotonopsis elliptica Rushfoil  Rhynchospora recognita Globe beaksedge 
Cunila origanoides Common dittany  Robinia hispida var. kelseyi Kelsey's locust 
Cuscuta Dodder  Robinia pseudoacacia Black locust 
Cymbalaria muralis Kenilworth ivy  Rosa bracteata Macartney rose 
Cyperus retrorsus Pine barren 

flatsedge 
 Rosa canina Dog rose 

Cyperus strigosus Strawcolored 
flatsedge 

 Rosa carolina Carolina rose 

Cypripedium acaule Pink lady's slipper  Rosa multiflora Multiflora rose 
Dactylis glomerata Orchard grass  Rosa palustris Swamp rose 
Danthonia compressa Flattened oatgrass  Rubus argutus Sawtooth blackberry 
Danthonia sericea Downy danthonia  Rubus flagellaris Northern dewberry 
Danthonia spicata Poverty oatgrass  Rubus hispidus Bristly dewberry 
Daucus carota Queen Anne's lace  Rubus occidentalis Black raspberry 
Dennstaedtia punctilobula Eastern hay-scented 

fern 
 Rudbeckia hirta Blackeyed Susan 

Deschampsia flexuosa Wavy hairgrass  Rumex acetosella Sheep sorrel 
Desmodium nudiflorum Nakedflower 

ticktrefoil 
 Rumex crispus Curly dock 

Desmodium nuttallii Nuttall's ticktrefoil  Sagittaria latifolia var. 
pubescens 

Hairy broadleaf 
arrowhead 

Desmodium rotundifolium Prostrate ticktrefoil  Salix caprea Goat willow 
Dichanthelium boscii Bosc's panicgrass  Salix nigra Black willow 
Dichanthelium clandestinum Deertongue 

panicgrass 
 Sambucus canadensis American elder 

Dichanthelium commutatum Variable panicgrass  Sanicula canadensis Canada 
blacksnakeroot 

Dichanthelium depauperatum Starved panicgrass  Sassafras albidum Sassafras 
Dichanthelium dichotomum Cypress panicgrass  Saxifraga michauxii Michaux's saxifrage 
Dichanthelium dichotomum 
var. yadkinense 

Forked witch grass  Schizachyrium scoparium var. 
scoparium 

Little bluestem 

Dichanthelium leucothrix Rough panicgrass  Schoenoplectus purshianus Weakstalk bulrush 
Dichanthelium 
sphaerocarpon var. 
sphaerocarpon 

Roundseed panicum  Scirpus atrovirens Green bulrush 
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